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Chapter  1 
INTRODUCTION
The s t a t e  of  Nebraska has an area of  76 , 612  square  
mi l es  and is  d i v i d e d  i n t o  t h i r t e e n  d i s t i n c t  p h y s i og r a p h i c  
r eg i ons  ( F i g u r e  1 ) .  In r e c e n t  y e a r s ,  a t t e n t i o n  has been 
focused upon one p a r t i c u l a r  p o r t i o n  of  the Ce n t r a l  Loess 
P l a i n s - - t h e  " r a i n b a s i n  area"  o r ,  as i t  i s  sometimes c a l l e d ,  
t he  " r a i n w a t e r  b a s i n . "
The r a i n b a s i n  area ( F i g u r e  2) of  Clay County has 
numerous s u r f i c i a l  d e p r e s s i o n s ,  each of  which is  
u n d e r l a i n  by c l aypan s o i l s .  Lahee ( 1961)  d e f i n e s  a 
depress i on as a basi n which is  "rimmed round on a l l  s i d e s . "  
More a c c u r a t e l y  d e f i n e d ,  a depr ess i on  i s :
A low p l a c e  of  any s i z e  on a p l a i n  
s u r f a c e ,  wi t h  d r a i n a g e  underground or by 
e v a p o r a t i o n ;  a hol l ow c o mpl e t e l y  
surrounded by h i ghe r  ground and having  
no n a t u r a l  o u t l e t  f o r  s ur f ac e  dr a i na ge  
(The American Ge o l o g i c a l  I n s t i t u t e ,  1 9 7 6 ) .
The c l aypan s o i l s  tend t o  impede t he  p e r c o l a t i o n  of  
r a i n - w a t e r ,  t h e r e f o r e  c r e a t i n g  a " t emporary"  wet l and in t he  
form of  a marsh,  pond or smal l  l a k e - - t h u s  t he  term r a i n ­




-o 1 cz 3= So 1 Q_ oa:CO Ie= I «=xor
Ll_
o 1 o Oo_ o LU
0*1 03 1—no I <c











































S- - a  '




•r** -Q  1—1
to
03 E  .A
-Q •r- c
£= to  03
•r~ 03 E
CO _Q -a




j=  c c  a







In t he  f i e l d ,  of  course ,  t hese depressi ons are most  
r e c o g n i z a b l e  when wat e r  is s t andi ng  in them ( F i g u r e  3) 
or when a heavy growth of lush green v e g e t a t i o n  i s pr esent  
because of the moi st  c o n d i t i o n s  ( F i g u r e  4 ) .  In some 
i n s t a n c e s ,  t he  presence of  some depress i ons  is so s u b t l e  
t h a t  i t  i s d i f f i c u l t  to d e p i c t  them on t opogr a ph i c  maps 
because of  the map s c a l e .
The onl y  publ i shed map t h a t  d e l i n e a t e s  t he  boundar ies  
of the r a i n b a s i n  area is found in t he  Nebraska Game and 
Parks Commission r e p o r t ,  Survey of H a b i t a t ,  Work Plan K-71 
( McMur t r ey ,  C r a i g ,  and Schi l dman;  1 9 7 2 ) ,  and t he  approxi mat e  
boundar i es have been reproduced in F i g u r e  2.  According to  
the  Survey of H a b i t a t , the boundar ies of the r a i n b a s i n  area  
encompass 4 , 200  square mi l es  and c on t a i n  3 , 907  n a t u r a l ,  
i r r e g u l a r l y  d i s t r i b u t e d  f r e s h  wat e r  wet l ands ( McMur t r ey ,  
C r a i g ,  and Schi ldman;  1972,  p. 2 ) .
Research in t he  r a i n b a s i n  area has mai n l y  been con­
cerned wi t h  wet l and h a b i t a t  ( McMur t r ey ,  C r a i g ,  and 
Schi ldman;  1972)  or wet l and loss (Denney,  1982;  F a r r a r ,  
1 9 8 2 ) .  Re c e nt l y  ( 1 9 8 2 ) ,  t he  Depar tment  of Envi ronmental  
Cont rol  (DEC) prov i ded f undi ng  to the Nebraska Remote 
Sensing Center  at  the U n i v e r s i t y  of  Ne b r a s k a - L i nc o l n  f o r  a 
p r o j e c t  aimed at  a n a l y z i n g  and c l a s s i f y i n g  wet l ands by means 
of  col  o r - i n f r a r e d  a e r i a l  photography in a p o r t i o n  of  the  
r a i n b a s i n  area ( W a l t e r  and Bu c k wa l t e r ,  19 8 2 ) .  A d d i t i o n a l l y ,  
wet l and acreages were computed and maps produced f o r
5
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Figure 3. Standing water  in a Rainbasin depression o f  
Clay County.
Figure 4. Lush green vege ta t ion  due to  the mois t cond i t ion s  
in  the depression.
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s e l e c t e d  y e a r s .  I t  was r e p o r t e d  t h a t  some c a t e g o r i e s  of  
we t l a n d s  e x p e r i e n c e d  a d e c l i n e  i n number of  a c r e s ,  w h i l e  
o t h e r  c a t e g o r i e s  showed an i n c r e a s e .
In y e a r s  of  low r a i n f a l l ,  some of  t he  d e p r e s s i o n s  may 
dry up.  However ,  some of  t he  d e p r e s s i o n s  have been a r t i f i -  
c a l l y  d r a i n e d  f o r  t h e  s p e c i f i c  purpose of  c o n v e r t i n g  what  
was once we t l a n d  i n t o  c r o p l a n d  ( F i g u r e  5 ) .  I t  i s  t h i s  a c t i ­
v i t y  t h a t  has c a p t u r e d  t he  a t t e n t i o n  of  many e n v i r o n me n ­
t a l i s t s  as w e l l  as t h e  s t a t e ' s  w i l d l i f e  managers i n r e c e n t  
y e a r s .
Even t hough t h e  r a i n b a s i n  a r ea  has been s t u d i e d  in 
t erms of  i t s  e c o l o g i c a l  i mp o r t a n c e ,  t he  d e p r e s s i o n s  t h a t  
g i v e  t h i s  a r ea  of  Nebr aska  i t s  un i queness  have y e t  t o  be 
d e s c r i b e d ,  l e t  a l one  s t u d i e d  i n t er ms of  t h e i r  g e n e s i s .  
T h e r e f o r e ,  t he  o b j e c t i v e s  of  t h i s  i n v e s t i g a t i o n  are t o i )  
pool  t he  e x i s t i n g  knowl edge of  t he  r a i n b a s i n  ar ea  i n t o  one 
document ,  i i )  d e s c r i b e  t he  p h y s i c a l  a t t r i b u t e s  of  t he  
d e p r e s s i o n s ,  i i i )  d e s c r i b e  t h e  ge o g r a p h i c  d i s t r i b u t i o n  and 
p a t t e r n s  of  t he  d e p r e s s i o n s ,  and i v )  combi ne t h e  f i n d i n g s  of  
( i i )  and ( i i i )  i n o r d e r  t o  make s u g g e s t i o n s  as t o  how t he  
de p r e s s i o n s  of  Cl ay  Count y may have o r i g i n a t e d .
From F i g u r e  2 i t  can be seen t h a t  t he r a i n b a s i n  ar ea  
oc cup i es  p a r t s  of  s e v e n t e e n  c o u n t i e s  i n Nebr aska .  However ,  
t h e  p r e s e n t  r e s e a r c h  has f ocus ed  on o n l y  one c o u n t y ,  C l a y ,  
whi ch was chosen f o r  t h e  i n i t i a l  r e s e a r c h  because:  i )  i t
possesses a g r e a t e r  number of  d e p r e s s i o n s  t han any o t h e r
7
Figure 5. C o lo r - i n f r a r e d  a e r ia l  photograph o f  Smith Lagoon 
in Clay County. The southeast p o r t io n  o f  the 
lagoon i s  being drained to  s u i t  a g r i c u l t u r a l  
purposes.
count y  in t h e  r e g i o n ;  i i )  s o i l  sur veys  f r om both 1927  
and 1981 ar e  a v a i l a b l e ;  i i i )  1981 c o l o r - i n f r a r e d  a e r i a l  pho­
t o g r a p h y ,  as w e l l  as a c o n s i d e r a b l e  amount of  b l a c k - a n d -  
w h i t e  a e r i a l  ph ot o gr a p hy  t a k e n  bet ween 1938 and 1 9 6 8 ,  i s  
a v a i l a b l e ;  and i v )  7 £ - m i n u t e  t o p o g r a p h i c  maps are a v a i l a b l e  
f o r  t h e  whol e  c o u n t y .
To summar i ze ,  t he  d e p r e s s i o n s  of  Cl ay  Count y ,  Ne br a s k a ,  
ar e a n a l y z e d  i n t h i s  r e p o r t  both c a r t o g r a p h i c a  11y and quan­
t i t a t i v e l y  in o r d e r  t o  ga i n  a b e t t e r  u n d e r s t a n d i n g  of  t he  
whol e r a i n b a s i n  a r e a .  In a d d i t i o n ,  e x i s t i n g  d a t a  and t he  
f i n d i n g s  of  t h i s  r e s e a r c h  w i l l  be pool ed i n a n t i c i p a t i o n  of  
p r o v i d i n g  some c o he s i v e  knowl edge of  what  i s  p r e s e n t l y  
known of  t he  r a i n b a s i n  a r e a .  I t  i s  hoped t h a t  t h i s  s t udy  
w i l l  p r o v i d e  some d i r e c t i o n  f o r  f u t u r e  i n v e s t i g a t i o n ,  and t o  
pose q u e s t i o n s  t h a t  may prompt  r e s e a r c h  i n t he  f u t u r e .
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LITERATURE
R a i n b a s i n
L i t t l e  w r i t t e n  m a t e r i a l  aimed d i r e c t l y  at  t he  r a i n b a s i n  
a r e a  e x i s t s .  The few r e p o r t s  t h a t  do e x i s t ,  however ,  c e n t e r  
on we t l a n d  l oss or t h e  r e d u c t i o n  of  w i l d l i f e  h a b i t a t  
( Denney ,  1982;  F a r r a r ,  1982;  Wa l t e r  and B u c k w a l t e r ,  1982;  
Mc Mu r t r e y ,  C r a i g ,  and S c h i l d ma n ,  1 9 7 2 ) .
N e v e r t h e l e s s ,  some i n d i r e c t  r e f e r e n c e s  t o what  i s  now
c a l l e d  t he  r a i n b a s i n  a r ea  wer e l o c a t e d  by t h e  a u t h o r .  For
ex ampl e ,  Condra ( 1 9 0 6 )  when d i s c u s s i n g  t h e  t o p o g r a p h y  of  t he
l oess  p l a i n  of  s o u t h e a s t e r n  Ne b r a s k a ,  s t a t e d  t h a t :
In some p l a c e s  t h e  s u r f a c e  c o n t a i n s  
s h a l l o w un dr a i n e d  bas i ns  f i l l e d  by t he  
r a i n f a l l  at  w e t - w e a t h e r  t i m e s .  Most of  
t h e s e  smal l  l akes  dry up e n t i r e l y  d u r i n g  
t he  summer.  The l a k e s  occur  p r i n c i p a l l y  
i n Yo r k ,  F i l l m o r e ,  Cl ay  and Phel ps  
c o u n t i e s .
T h i r t y  y e a r s  l a t e r ,  Condra aga i n  ment i oned t he  d e p r e s ­
s i ons i n h i s  w r i t i n g ,  but  l i t t l e  a d d i t i o n a l  i n f o r m a t i o n  was 
p r e s e n t e d  ( Co n dr a ,  1 9 3 6 ) .
10
Al t hough r e f e r e n c e s  p e r t a i n i n g  t o  t he  whol e  r a i n ­
b a s i n  a r ea  are l a c k i n g ,  c i t a t i o n s  f o r  c e r t a i n  p o r t i o n s  of  
t h e  r a i n b a s i n  a r ea  ar e  more numerous.  In p a r t i c u l a r ,  t h e s e  
c i t a t i o n s  concer n t h e  d e p r e s s i o n s  of  Cl ay  Count y ,  N e b r a s k a - -  
t h e  s t udy  s i t e  f o r  t h i s  t h e s i s .
Cl ay  Count y ,  Nebr aska
The 1927 S o i l  Sur vey of  Cl ay  Count y ,  Nebr aska  ment i ons  
t h e  p r es enc e  of  numerous d e p r e s s i o n s  t h r o u g h o u t  t he  count y  
( Ro b e r t s  and Gemmel l ,  1 9 2 7 ) .  The f i r s t  s u b s t a n t i v e  i n f o r ­
mat i on c o n c e r n i n g  any c h a r a c t e r i s t i c  f e a t u r e  of  t he  
d e p r e s s i o n s  comes f r om t h i s  r e p o r t .  I n t h i s  document ,  i t  was 
not ed t h a t  t h r e e  p r i n c i p a l  t y pe s  of  s o i l s  ar e  a s s o c i a t e d  
wi t h  t he  d e p r e s s i o n s  of  Cl ay  Count y;  B u t l e r ,  F i l l m o r e ,  and 
S c o t t  s i l t  l oams.  These s o i l s  are d e s c r i b e d  as ha v i ng  t r u e  
cl  aypans,  and as o c c u r r i n g  i n d e p r e s s i o n s  ( Ro b e r t s  and 
Gemmel l ,  1 9 2 7 ) .  However ,  i t  i s  not  suggest ed t h a t  t he p r e ­
sence of  t he  B u t l e r ,  S c o t t ,  and F i l l m o r e  s o i l s  d e f i n e  t he  
a r e a l  e x t e n t  or a b s o l u t e  l o c a t i o n  of  t he  d e p r e s s i o n s .
R a t h e r ,  t h e s e  s o i l s  ar e  i n d i c a t o r s  of  where t o l ook f i r s t  
f o r  t h e  o c c u r r e n c e  of  t he  d e p r e s s i o n s .  A more t hor ough  
d i s c u s s i o n  on d e p r e s s i o n s  and a s s o c i a t e d  s o i l s  i s  f ound i n  
Cha pt e r  4.
From t he  s o i l  maps s u p p l i e d  w i t h  t he  s o i l  r e p o r t  (Map 
1,  map p o c k e t ) ,  one can o b t a i n  a " g e n e r a l "  i mp r e s s i o n  of  t he  
ge o g r a p h i c  d i s t r i b u t i o n  of  t he  d e p r e s s i o n s  i n Cl ay  Count y .
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On t h e  s o i l  map,  t h e  ar eas i n y e l l o w ,  s t r i p e d - p i n k ,
and s o l i d  p i nk  denot e  t he  S c o t t  s i l t  l oam,  F i l l m o r e  s i l t
l oam,  and B u t l e r  s i l t  l oam,  r e s p e c t i v e l y .  Due t o  t he  s c a l e
of  t he  map,  however ,  many o t h e r  ar eas were t oo smal l  t o be
r e p r e s e n t e d  on t h e  map.  Cl ay  Count y i s not ed as c o n t a i n i n g  
numerous d e p r e s s i o n s  of  v a r y i n g  s i z e s .
F i g u r e  6 i s  a g e n e r a l i z e d  sc he ma t i c  of  t he  d e p r e s s i o n a l  
s o i l s  a c c o r d i n g  t o  t o p o g r a p h i c  p o s i t i o n  as suggest ed by t he  
1927 s o i l  s u r v e y .  He r e ,  i t  can be seen t h a t  t he  B u t l e r  s i l t  
loam oc cup i es  t he  h i g h e s t  r e l a t i v e  t o p o g r a p h i c  p o s i t i o n ,  
f o l l o w e d  by t h e  F i l l m o r e  and S c o t t  s i l t  l oams,  r e s p e c t i v e 1y . 
F i g u r e  7 i s  a g e n e r a l i z e d  s c he ma t i c  as suggest ed by t he  more 
r e c e n t  So i l  Survey of  Cl ay  Count y ,  Nebr aska (Hammer,  Ragon,  
and B u e c h l e ,  1 9 3 1 ) .  In t h i s  c a s e ,  an a d d i t i o n a l  s o i l ,  
whi ch occur s  i n a l ower  t o p o g r a p h i c  p o s i t i o n  t han t h e  Sc o t t  
s i l t  l oam,  i s mapped.  Th i s  s o i l  i s t he  Mass i e  s i l t y  c l a y  
l oam,  whi ch oc c up i e s  t h e  l o w e s t ,  w e t t e s t  p a r t s  of  some 
d e p r e s s i o n s  (Hammer,  Ragon,  and Bu e c h l e ,  1 9 8 1 ) .
When d i s c u s s i n g  t h e  geol ogy  of  Cl ay  Count y ,  Keech and 
Dr eeszen acknowl edged t h e  p r e s e nc e  of  t he  d e p r e s s i o n s  but  
added t h a t  l i t t l e  i s  known about  them (Keech and D r e e s z e n ,  
1959)  .
A l t hough t he  e x i s t e n c e  of  t he  d e p r e s s i o n s  i n s o u t h ­
e a s t e r n  Nebr aska has been l ong r e c o g n i z e d ,  v i r t u a l l y  no 
s c i e n t i f i c  knowl edge has a c c u mu l a t e d .  A maj or  q u e s t i o n
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Figure 6. Generalized schematic of the poorly drained soils  
usually associated with depressions in Clay 
County. (Source: Roberts and Gemmell, 1927).
r '
B u t l e r  s i l t  l o a m
  r
F i l m o r e  s i l t  10a m
Figure 7. Generalized schematic of the poorly drained soils  
usually associated with depressions in Clay 
County. (Source: Hammer, Ragon, and Buechle;
1981).
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s t i l l  r e ma i n s - - h o w di d t h e s e  d e p r e s s i o n s  form? Even t hough  
t h i s  r e s e a r c h  i s not  de s i gne d  s p e c i f i c a l l y  t o  answer  t h i s  
q u e s t i o n ,  i t  i s a n t i c i p a t e d  t h a t  by r e v i e w i n g  t h e  v a r i o u s  
d e p r e s s i o n - f o r m i n g  p r o c e s s e s ,  some l i g h t  w i l l  be shed on 
t h e  pr ob l em.
De p r e s s i o n  F o r ma t i o n
Ther e  i s no s i n g l e  pr oc ess  by whi ch a l l  d e p r e s s i o n s  on 
t h e  e a r t h ' s  s u r f a c e  are f o r me d .  I n d e e d ,  t h e r e  are many p r o ­
cesses by whi ch d e p r e s s i o n s  may be c r e a t e d .  In some c a s e s ,  
t h e  f o r m a t i o n a l  pr ocess  i s  o b v i o u s .  For  exampl e ,  s i n k h o l e s  
g e n e r a l l y  f ound in l i me s t o n e  ar eas  ar e  f ormed when t h e  r o o f  
of  a l i me s t o n e  caver n  c o l l a p s e s .  In o t h e r  ca s e s ,  d e p r e s s i o n  
f o r m a t i o n  i s  not  w e l l  u n d e r s t o o d - - a s  i n t he  r a i n b a s i n  a r e a .  
S e v e r a l  of  t he  p r oc ess es  e f f e c t i n g  deve l opment  are l i s t e d  
and e x p l a i n e d  be 1ow.
Ani mal  act  i on
G i l b e r t  b e l i e v e d  t h a t  t he  d e p r e s s i o n s  found on t he
p l a i n s  of  t he  we s t e r n  Un i t e d  S t a t e s  were f ormed by b u f f a l o e s
( G i l b e r t ,  1 8 9 5 ) .  De p r e s s i o n s  f ormed i n t h i s  manner  are
t er med " b u f f a l o  w a l l o w s . "  Da r t o n  more f u l l y  d e s c r i b e d  how
b u f f a l o  wa l l ows  were c r e a t e d .  He r e p o r t e d  t h a t :
They wer e s t a r t e d  by b u f f a l o e s  e i t h e r  
i n wet  spot s or at  p l a c e s  where t h e r e  i s  
s a l t  or  a l k a l i ,  whi ch t he  an i mal s  l i c k .
The t r a m p l i n g  of  t h e  hoof s of  t he heavy
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an i ma l s  wears t he  sod t h i n ,  and t hen  t h e  
wi nd soon bl ows out  a c a v i t y ,  or  i f  wa t e r  
c o l l e c t s  i n i t  t he  mud i s  c a r r i e d  out  in 
l a r g e  amounts i n t h e  shaggy coa t s  of  t he  
b u f f a l o e s ,  who d e l i g h t  t o wade or r o l l  in 
a wa t e r  ho l e  ( D a r t o n ,  1 9 1 6 ) .
Fr ye  f e l t  t h a t  t he  b u f f a l o  was more of  a m o d i f y i n g  
agent  in d e p r e s s i o n  d e v e l o p me n t ,  and t h a t  bur r owi ng  
r o d e n t s  woul d have a g r e a t e r  e f f e c t  on d e p r e s s i o n  d e v e l o p ­
ment .  However ,  ani mal  a c t i o n  was not  c o n s i d e r e d  i mp o r t a n t  
by Fr ye  ( F r y e ,  1950)  who went  on t o  d e s c r i b e  s e v e r a l  p r o ­
cesses whi ch coul d have f or med many of  t he  d e p r e s s i o n s  i n  
t he  Hi gh P l a i n s  of  Kansas.
S c h o f f ,  l i k e  F r y e ,  r e p o r t e d  t h a t  t he  b u f f a l o  was p r o b ­
a b l y  not  an i mp o r t a n t  f a c t o r  i n t he  c r e a t i o n  of  d e p r e s s i o n s .  
Some r easons f o r  h i s  c o n c l u s i o n  ar e  t he  r a t h e r  l a r g e  s i z e  of  
some d e p r e s s i o n s ,  and d e p r e s s i o n  d e n s i t y  ( S c h o f f ,  1 9 3 9 ) .
I t  i s h i g h l y  u n l i k e l y  t h a t  t he  b u f f a l o ,  or  any o t h e r  
a n i ma l ,  i s  s o l e l y  r e s p o n s i b l e  f o r  t h e  c r e a t i o n  of  a l l  t he  
d e p r e s s i o n s  i n t h e  R a i n b a s i n .  One ma j or  r eason f o r  t h i s  
c o n c l u s i o n  r e l a t e s  t o  t he  e n o r mi t y  of  some of  t he  
d e p r e s s i o n s  i n Cl ay  Count y .  F i g u r e  8 i s  a t o p o g r a p h i c  
r e p r e s e n t a t i o n  of  a r a t h e r  l a r g e  d e p r e s s i o n  f ound in n o r t h ­
we s t e r n  Cl ay  Count y .  T h i s  d e p r e s s i o n  i s  i n excess of  1500  
acr es  i n s i z e  and t h e r e  ar e  s e v e r a l  o t h e r s  i n Cl ay  County  
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Figure 8. Topographic rep resen ta t ion  o f  a la rge  depression 
loca ted  in  northwestern Clay County. (Source: 
In land and Harvard NW, Nebraska 7^-minute 
quadrangles).
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C a l i c h e  k a r s t
C a l i c h e  was d e s c r i b e d  by P r i c e  ( 1 9 4 0 )  as an a c c umul a ­
t i o n  of  s o i l  l i me  w e l l  above t h e  w a t e r  t a b l e  i n t h e  l ower  
s o i l  zones .  P r i c e ,  Judson ( 1 9 5 0 ) ,  and Havens ( 1 9 6 1 )  have  
a t t r i b u t e d  t he  c r e a t i o n  of  some d e p r e s s i o n s  i n Texas and New 
Mexi co to t he  b r e a c h i n g  of  t he  c a l i c h e  capr ock by s t r eam 
a c t i o n ,  l e a c h i n g ,  or  some o t h e r  e r o s i o n a l  p r o c e s s .
A c a l i c h e  capr ock  i s  not  f ound i n Cl ay Count y;  
t h e r e f o r e  t he  d e p r e s s i o n s  of  Cl ay  Count y are not  b e l i e v e d  t o  
be c a l i c h e  k a r s t .
De e p - s e a t e d  s o l u t i o n
Johnson ( 1 9 0 1 )  and F r y e  ( 1 9 5 0 )  bot h wr o t e  of  St .
J a c ob ' s  Wel l  and t h e  Meade S a l t  Wel l  of  Kansas.  I t  was 
t h e i r  o p i n i o n  t h a t  t he  s o l u t i o n  of  gypsum or s a l t  at  g r e a t  
dept h ( a p p r o x i m a t e l y  1000 f e e t )  had caused t he  s u r f a c e  t o  
c o l l a p s e  f o r mi n g  t h e s e  r a t h e r  l a r g e  s i n k h o l e s .  Ot her  l a r g e  
d e p r e s s i o n s  i n t h e  same v i c i n i t y ,  such as Bi g Ba s i n ,  are  
b e l i e v e d  t o have f or med t he  same way.  These l a t t e r  s i n k h o l e s  
ar e c i r c u l a r  i n shape and o f t e n  ve r y  deep.  Big Basi n i s  
a p p r o x i m a t e 1y one m i l e  i n d i a me t e r  and one hundred f e e t  deep 
( Johnson , 1901)  .
Most of  t he  e x i s t i n g  w e l l  l ogs f o r  Cl ay  Count y are l ess  
t ha n  500 f e e t  deep and do not  show t he  e x i s t e n c e  of  d e p o s i t s  
of  s a l t  or  gypsum.  However ,  two w e l l s  wer e l o c a t e d  by t he
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a u t h o r  t h a t  wer e  i n excess of  3000 f e e t  deep ( C o n s e r v a t i o n  
and Sur vey  D i v i s i o n ,  1 9 8 4 ) .  L i mes t one  and d o l o m i t e  d e p o s i t s  
were f ound i n t h e  l ower  r e a c h e s ,  and were f o r  t he  most  p a r t  
dense and not  ve r y  pe r me a b l e  or por ous .  T h e r e f o r e ,  i t  i s  
not  t h o u g h t  t h a t  d e e p - s e a t e d  s o l u t i o n  has been r e s p o n s i b l e  
f o r  d e p r e s s i o n  f o r m a t i o n  i n Cl ay  Count y .
Compact i on
Johnson ( 1 9 0 1 )  sugges t e d  t h a t  d e p r e s s i o n s  coul d f or m  
when r a i n  wa t e r  ac c umul a t e s  i n t h e  i n i t i a l  but  f a i n t  un e v e n ­
ness of  a p l a i n  s u r f a c e .  The r a i n  w a t e r  p e r c o l a t e s  down t o  
t h e  g r ou n d wa t e r  c a us i n g  s e t t l i n g  of  t he  ground t hus f o r mi n g  
a d e p r e s s i o n .  Johnson r e f e r r e d  t o  t h e  above pr ocess  as com­
p a c t i o n .
Fr y e  ( 1 9 5 0 )  r e c o g n i z e d  t h a t  t he  mechani sm of  compac­
t i o n  was i m p o r t a n t  i n f o r m i n g  d e p r e s s i o n s  i n t h e  High 
P l a i n s  of  Kansas.  However ,  Fr ye  f e l t  t h a t  Johnson' s  com­
p a c t i o n  t h e o r y  was not  c l e a r l y  d e f i n e d .  Fr ye  suggest ed  
t h a t :
. . . t h e  smal l  s i nks  have de v e l ope d where  
t h e  s u r f a c e  l a y e r  of  a l l u v i u m  i s composed 
of  s i l t ,  about  12 f e e t  t h i c k ,  whi ch r e s t s  
on w e l l - s o r t e d ,  u n c o n s o l i d a t e d  sand and 
g r a v e l .  Rai n w a t e r  f l o ws  t h r ough  
openi ngs whi ch de v e l op  in t h e  s u r f i c i a l  
s i l t  so as t o  r each t he  sands and g r a v e l s  
be l ow.  T h i s  f l o w  washes s i l t  f rom t he  
s i d e s  of  passageways i n t h e  s u r f i c i a l  
m a t e r i a l  i n t o  t he  i n t e r s t i c e s  of  t he  
c o a r s e r  d e p o s i t s  be n e a t h .  Such i nwa s h i ng  
of  s i l t  can c o n t i n u e  as l ong as t he
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passageways r emai n  open or  u n t i l  enough 
s i l t  has been c a r r i e d  i n t o  t he  coar se  
m a t e r i a l s  bel ow t o r educe t h e i r  
p e r m e a b i l i t y  and i n h i b i t  f u r t h e r  i nwash.  
A f t e r  t e r m i n a t i o n  of  s i l t  i nwash i n t o  t he  
g r a v e l s  t h e  c a v i t y  is s l o w l y  f i l l e d  and 
t he  i n i t i a l l y  s t eep  s i des  of  t he  s i nk  
r educed i n s l o p e .  L o c a l i z a t i o n  of  t he  
i n i t i a l  p o i n t  of  i nwash may be due t o  
bu r r o wi ng  by r o d e n t s ,  decay of  r o o t s ,  or  
hol es  made by man.  In t h e  Hut c h i n s o n  
ar ea  t he  s i n k s  wer e  obser ved t o  be 
l o c a l i z e d  i n an a l f a l f a  f i e l d  and were  
not  f ound i n a d j a c e n t  wheat  f i e l d s .  As 
t h e  w a t e r  t a b l e  i n t h e  a r ea  was about  15 
f e e t  bel ow t he  s u r f a c e ,  i t  seems p r o b a b l e  
t h a t  t he  d e h y d r a t i n g  e f f e c t  of  a l f a l f a  
on t h e  s i l t  pr oduced c o n t r a c t i o n  j o i n t s  
whi ch p e r m i t t e d  i n f l o w  of  r a i n  wa t e r  t o  
t he  p r e v i o u s  sands and g r a v e l  be l ow.  The 
s h a l l o w r o o t  syst em of  wheat  had l i t t l e  
e f f e c t  at  dept h ( F r y e ,  1 9 5 0 ) .
The pr ocess  d e s c r i b e d  above i s F r y e ' s  d i f f e r e n t i a l  s i l t  
i n f i l t r a t i o n  c on c e p t .
I t  i s  e n t i r e l y  p o s s i b l e  t h a t  some of  t he  d e p r e s s i o n s  
of  Cl ay  County have f or med i n t h i s  way.  However ,  no 
c o n c l u s i v e  e v i d e n c e  e x i s t s  t o  pr ove  or  d i s p r o v e  F r y e ' s  
t h e o r y .
S i m i l a r  t o  F r y e ' s  d i f f e r e n t i a l  s i l t  i n f i l t r a t i o n  
h y p o t h e s i s  i s  t h e  pr ocess  of  " p i p i n g  and c o mp a c t i o n . "
E l d e r  ( u n p u b l i s h e d )  not ed t h a t  p i p i n g  i s  r e s p o n s i b l e  f o r  
d e p r e s s i o n s  f r e q u e n t l y  f ound i n f i e l d s  where a l f a l f a  has 
grown f o r  a number of  y e a r s .  A p p a r e n t l y  t he  deep and 
e x t e n s i v e  r o o t i n g  of  t he  a l f a l f a  r educps t h e  mo i s t u r e  
c o n t e n t  of  t he  s o i l  ca us i ng  deep cr ac ks  t o d e v e l o p .
R a i n wa t e r  f l o w i n g  i n t o  t he  c r ac ks  s a t u r a t e s  t h e  l oess
19
c a us i ng  i t  t o s e t t l e  and occupy l e s s  s p a c e - - t h u s , 
e n l a r g i n g  t h e  c r a c k .  E l d e r  s t a t e d  t h a t  "once  
s e t t l e m e n t  and compact i on has s t a r t e d  i t  p r o g r e s s e s  
u n t i l  t he  s u r f a c e  has sl umped and f ormed a d e p r e s s i o n  or  
p i t  on f l a t  l and a r e a s . . . "  ( E l d e r ;  C i r c a ,  1 9 7 0 ) .
A l f a l f a  i s of  r e c e n t  i n t r o d u c t i o n  t o  Cl ay  Count y .  I t  i s  
p o s s i b l e ,  however ,  t h a t  some s i m i l a r  p l a n t  communi t i es  have  
been r e s p o n s i b l e  f o r  i n i t i a t i n g  d e p r e s s i o n  deve l opment  i n  
p a r t s  of  Cl ay  Count y .  However ,  no e v i d e n c e  e x i s t s  t h a t  
c l e a r l y  p o i n t s  t o any d e p r e s s i o n s  i n Cl ay  County ha v i ng  
f ormed by p i p i n g .
D e f l a t i o n
D e f l a t i o n  i s  d e s c r i b e d  as t h e  r emoval  of  m a t e r i a l  
f r om t he  l and s u r f a c e  by wi nd a c t i o n  ( The Amer i can  
G e o l o g i c a l  I n s t i t u t e ,  1 9 7 6 ) .  Of cour se  wi nd has l ong been 
r e c o g n i z e d  as a p o we r f u l  e r o s i v e  agent  c a pa b l e  of  we a r i n g  
down mount a i ns  and s c oopi ng out  ho l l o ws  on a p l a i n  
s u r f a c e .
G i l b e r t  ( 1 8 9 5 )  was among t h e  f i r s t  t o advance t h e  
n o t i o n  t h a t  wi nd was t h e  mode of  o r i g i n  f o r  many of  t he  
d e p r e s s i o n s  f ound i n t h e  Amer i can West .  G i l b e r t  came t o h i s  
c o n c l u s i o n  because t h e  o t h e r  pr oposed hypot heses  "seemed 
ba r r e d  by some i n s u p e r a b l e  o b s t a c l e "  ( G i l b e r t ;  18 95 ,  p.  4 7 ) .  
Judson ( 1 9 5 0 ) ,  Fr ye  ( 1 9 5 0 ) ,  and Reeves ( 1 9 6 6 )  f e l t  t h a t  
d e f l a t i o n  was r e s p o n s i b l e  f o r  t h e  o r i g i n  of  some d e p r e s s i o n s
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in t h e  U n i t e d  S t a t e s .  D e f l a t i o n  i s  l i k e l y  t o have c r e a t e d  
c e r t a i n  d e p r e s s i o n s  i n Cl ay  Count y ,  though i t  i s  not  known 
whi ch o n e s .
Met eor s
I n some i n s t a n c e s ,  d e p r e s s i o n s  have been c r e a t e d  by t he  
i mpact  of  m e t e o r i t e s  upon t h e  e a r t h ' s  s u r f a c e .  Reeves not ed  
t h a t  s e v e r a l  d e p r e s s i o n s  near  Odessa,  T e x a s ,  had been f ormed  
i n t h i s  way ( Ree ve s ;  1 9 66 ,  p.  2 8 0 ) .  The C a r o l i n a  Bays,  most  
n o t a b l y  t h o s e  f ound i n t h e  M y r t l e  Beach a r ea  of  South 
C a r o l i n a ,  were l ong b e l i e v e d  t o  have been c r e a t e d  by a 
shower  of  m e t e o r i t e s  ( J ohn s o n ,  1 9 3 6 ) .  However ,  t h e r e  has 
been some doubt  cas t  on t h i s  mode of  o r i g i n  f o r  t h e  C a r o l i n a  
Bays by Johnson ( 1 9 3 6 ) .
Though some d e p r e s s i o n s  i n Nebr aska may have been 
f ormed by t he  i mpact  of  me t e o r s ,  i t  i s  d o u b t f u l  t h a t  t he  
d e p r e s s i o n s  of  Cl ay  Count y wer e c r e a t e d  i n t h i s  manner .
Thermo k a r s t
Th e r mok a r s t  i s  d e s c r i b e d  as t he  " s e t t l i n g  or c a v i n g  of  
t h e  ground due t o m e l t i n g  of  ground i c e "  ( Amer i can  
Ge o l o g i c a l  I n s t i t u t e ,  1 9 7 6 ) .
Pewe and Jour naux ( 1 9 8 3 )  d e s c r i b e d  a number of  d i s t i n c ­
t i v e  s u r f a c e  f e a t u r e s  i n s o u t h - c e n t r a l  Y a k u t i a ,  S i b e r i a ,  
U . S . S . R . ,  t h a t  t h e y  c a l l e d  t h e r mo k a r s t  t o p o g r a p h y .  Th i s
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t y p e  of  t o pog r a ph y  c o n t a i n s  mounds,  s i n k h o l e s ,  t u n n e l s ,  
c a v e r n s ,  and s h o r t  r a v i n e s  whi ch f orm when l a r g e  g r o u n d - i c e  
masses i n t h e  p e r ma f r o s t  begi n  t o  t haw.  The thaw can be 
i n i t i a t e d  by a g e n e r a l  c l i m a t e  change or by a d i s t u r b a n c e  of  
i n s u l a t i n g  v e g e t a t i o n  (Pewe and J o ur na u x ,  1 9 8 3 ) .
A l a s e s  are t h e r m o k a r s t  l a nd f o r ms  and are d e s c r i b e d  as 
" s t e e p - s i d e d  d e p r e s s i o n s  t h a t  f orm as smal l  d e p r e s s i o n s  
c o a l e s c e  and sedi ment  i s washed i n t o  t he  b o t t o m. "  (Pewe and 
Jour naux;  19 8 3 ,  p.  1 1 ) .  Pewe and Jour naux i n d i c a t e d  t h a t  
t h e  a l a s e s  can be f r om t h r e e  t o f o r t y  met er s  deep and f rom 
o n e - t e n t h  of  a k i l o m e t e r  t o f i f t e e n  k i l o m e t e r s  i n d i a m e t e r .
Cl ay  Count y i s l o c a t e d  w e l l  away f rom any ar eas  t h a t  
mi ght  have e x p e r i e n c e d  t h e  e f f e c t s  of  ground i c e .
T h e r e f o r e ,  t he  r a i n b a s i n  d e p r e s s i o n s  of  Cl ay  Count y are p r o ­
b a b l y  not  t h e r mo k a r s t  l a n d f o r ms .
G l a c i a t i o n
K e t t l e s ,  somet i mes c a l l e d  k e t t l e h o l e s ,  are d e p r e s s i o n s  
f ound i n ground mor a i ne  or  out wash p l a i n s .  K e t t l e s  f orm 
when d r i f t  i s  d e p o s i t e d  around a b l ock  of  i c e  t h a t  has 
become de t ached f r om t h e  mai n body of  t he  g l a c i e r .  When t h e  
bl ock  of  i c e  me l t s  away,  a p i t  or  d e p r e s s i o n  i s l e f t  
b e h i n d .
The e a s t e r n  b o r d e r  of  Cl ay  count y  i s l o c a t e d  a p p r o x i ma ­
t e l y  t en mi l e s  f rom t he  maximum g l a c i a l  advance i n s o u t h -
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e a s t e r n  Nebr aska ( D r e e s z e n ,  1 9 7 0 ) ;  t h e r e f o r e ,  i t  i s  not  
l i k e l y  t h a t  t he  d e p r e s s i o n s  of  Cl ay  County ar e  k e t t l e s .
S o l u t i o n  of  c a r b o n a t e  r ocks
S o l u t i o n  of  c a r b o n a t e  r ocks i s  s i m i l a r  t o  t h a t  of  deep-  
se a t e d  s o l u t i o n .  In t h i s  c a s e ,  however ,  t he  r ocks i n v o l v e d  
ar e  l i me s t o n e s  and c h a l k  and are l o c a t e d  o n l y  a few hundred  
f e e t  bel ow t he  s u r f a c e  ( F r y e ,  1 9 5 0 ) .  Fr ye  not ed s e v e r a l  
p l a c e s  i n Kansas where s o l u t i o n  of  c a r b o n a t e  r ocks had t a k e n  
p l a c e .
Ther e  a r e  s e v e r a l  p l a c e s  o u t s i d e  t h e  Hi gh P l a i n s  r e g i o n  
of  t he  Un i t e d  S t a t e s  where t h i s  pr ocess  has c r e a t e d  
d e p r e s s i o n s .  For  ex a mpl e ,  t he  s t a t e s  of  F l o r i d a ,  Ke n t u c k y ,  
and I n d i a n a  are d o t t e d  w i t h  s i n k h o l e s  t h a t  have f or med when 
s l i g h t l y  a c i d i c  w a t e r  caused t he  l i me s t o n e s  of  s u b t e r r a n e a n  
caver ns  t o weaken and c o l l a p s e .  The d a t a  g l e e n e d  f r om t he  
we l l  l ogs of  Cl ay  Count y suggest s  t h a t  t he d e p r e s s i o n s  
p r o b a b l y  d i d  not  f or m by t h e  s o l u t i o n  of  c a r b o n a t e  r o c k s .
Summary of  D e p r e s s i o n - F o r mi n g  Pr ocesses
Ther e  a r e  numerous pr oc ess es  by whi ch d e p r e s s i o n s  may 
be c r e a t e d .  These pr oc e s s e s  may be me c ha n i c a l  or  chemi ca l  
i n n a t u r e ,  or  t h e y  may work i n  c o n c e r t  w i t h  one a n o t h e r  t o  
f orm a d e p r e s s i o n .  Whi l e  i t  i s  c l e a r  t h a t  some d e p r e s s i o n -  
f o r mi n g  pr oc ess es  ar e  not  l i k e l y  t o have o p e r a t e d  i n Cl ay  
Count y ,  i t  i s  d i f f i c u l t  to say whi ch ones have.
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The p r e s e n t  r e s e a r c h  w i l l  t r y  t o a s c e r t a i n  ( i n d i r e c t l y )  
t h e  p r o c e s s ( e s )  by whi ch t he  d e p r e s s i o n s  were c r e a t e d  by 
l o o k i n g  at  t he  a r r angement  and d i s t r i b u t i o n  of  t he  
d e p r e s s i o n s  i n Cl ay  Count y .  The a r e a l  a s s o c i a t i o n  of  
d e p r e s s i o n s  w i t h  o t h e r  l a n df or ms  may be h e l p f u l  in t h e  
an a 1ys i s .
Landf or ms Found In 
A s s o c i a t i o n  Wi t h Some Depr e s s i ons
As not ed e a r l i e r ,  G i l b e r t  b e l i e v e d  t h a t  many of  t he  
d e p r e s s i o n s  in t h e  Gr e a t  P l a i n s  owed t h e i r  e x i s t e n c e  t o t he  
wi nd.  Hi s r e a s o n i n g  i n c l u d e d  t h e  f a c t  t h a t  some of  t he  
d e p r e s s i o n s  he had obser ved had a r a i s e d  r i m on one s i d e  
s u f f i c i e n t  t o  d e f l e c t  d r a i n a g e  e l s e wh e r e  ( G i l b e r t ,  1 8 9 5 ) .  
G i l b e r t  a t t r i b u t e d  t h e  r i m ' s  p r e s e nc e  t o m a t e r i a l s  be i ng  
bl own out  of  t he  d e p r e s s i o n  and d e p o s i t e d  on t h e  upper  
edges.
Co f f e y  d e s c r i b e d  t he  e x i s t e n c e  of  many " c l a y  dunes" in 
sout h Texas ( C o f f e y ,  1 9 0 9 ) .  He obser ved t h a t  some of  " t h e s e  
r i d g e s  wer e somet i mes s e v e r a l  mi l e s  l o n g ,  t h i r t y  f e e t  h i g h ,  
and not  over  200 or  300 y a r d s  i n w i d t h "  ( C o f f e y ;  1909,  
p.  7 5 4 ) .  He obser ved f u r t h e r  t h a t  t he s e  c l a y  dunes wer e a l most  
al ways a s s o c i a t e d  w i t h  a l a g o o n - - o r  d e p r e s s i o n .  In a d d i ­
t i o n ,  he d i s c o v e r e d  t h a t  t h e s e  r i d g e s  were f ound p r i n c i p a l l y  
on t h e  n o r t hwe s t  s i d e  of  t he  l a goon;  t he  p r e v a i l i n g  wi nds
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be i ng f r om t he  s o u t h e a s t .  C o f f e y  a l s o  suggest ed t h a t  i f  t he  
m a t e r i a l  f r om t h e  r i d g e s  wer e p l aced i n t h e  d e p r e s s i o n s ,  
t h a t  i t  "woul d be s u f f i c i e n t  t o  b r i n g  them t o t he  l e v e l  of  
t he  s u r r o u n d i n g  c o u n t r y "  ( C o f f e y ;  1 9 0 9 ,  p.  7 5 5 ) .  The p r e ­
sence and l o c a t i o n  of  t he  r i d g e s  l ed Co f f e y  t o c o n c l u d e ,  
l i k e  G i l b e r t ,  t h a t  t he  d e p r e s s i o n s  were c r e a t e d ,  or  at  l e a s t  
e n l a r g e d ,  by t he  wi n d .
P r i c e  ( 1 9 6 3 ) ,  Reeves ( 1 9 6 6 ) ,  Mar rs and Gay l or d  ( 1 9 8 2 ) ,  
and Kolms ( 1 9 8 2 )  ar e  among many Amer i can a u t ho r s  who have  
w r i t t e n  of  c l a y  dunes ,  sedi ment  p l umes,  and r i d g e s  f ound on 
t h e  downward s i d e  of  p l a y a s ,  l a g o o n s ,  and o t h e r  d e p r e s s i o n s .  
T h e i r  r e s e a r c h  r anges f r om r i d g e  ge nes i s  t o  d e t e r m i n i n g  
wi n d f l o w c h a r a c t e r i s t i c s  f r om t he  r i d g e s .
Many A u s t r a l i a n  w r i t e r s  have not ed t h e  p r es enc e  of
r i d g e s  on t he  l ee  s i d e s  of  d e p r e s s i o n s  i n A u s t r a l i a .  H i l l s
not ed t h a t :
Al ong t h e  e a s t e r n  shor es of  a l most  e v e r y  
l ake  and swamp i n  t h e  p l a i n s  of  n o r t h e r n  
V i c t o r i a  t h e r e  occur s  a c r e s c e n t i c  r i d g e  
of  s i l t y  c l a y  or  c l a y  loam whose smooth 
and r e g u l a r  o u t l i n e s ,  r i s i n g  above t he  
p l a i n s ,  at  once ca t ch  t he  eye in an 
o t h e r w i s e  monotonus l a nds c a pe  ( H i l l s ,
1940 , p.  7) .
Because of  t he  uni que  c h a r a c t e r i s t i c s  of  t h e s e  r i d g e s ,  H i l l  
coi ned a new t e r m - - 1 u n e t t e , whi ch he d e f i n e d  as a c r e s c e n t ­
shaped r i d g e  f ound on t h e  l e e  s i de  of  l a k e s ,  swamps,  and 
s i m i l a r  d e p r e s s i o n s .
25
Ot h e r  A u s t r a l i a n  w r i t e r s  have d i s c u s s e d  t h e  l u n e t t e  i n  
t e r ms of  f o r m,  c o mp o s i t i o n ,  and t h e o r i e s  of  o r i g i n  ( B o w l e r ,  
1 9 66 ,  19 68 ,  1973 ,  1976;  T w i d a l e ,  1 9 7 2 ) .  In a d d i t i o n ,  
l u n e t t e s  have been a n a l y z e d  i n o r d e r  t o  r e c o n s t r u c t  past  
c l i m a t e  c o n d i t i o n s  ( B o w l e r ,  1 9 7 6 ) .
Ri dges and The R a i n b a s i n  De p r e s s i ons  i n Cl ay  Count y
A number of  t he  d e p r e s s i o n s  i n Cl ay  County do i ndeed  
have a r i d g e  l o c a t e d  on one s i d e .  In some c a s e s ,  t h e s e  
r i d g e s  may be c l a s s i f i e d  as l u n e t t e s  because of  t h e i r  shapes  
( F i g u r e  9 ) .
Si nce  r i d g e s  appear  t o  be a s s o c i a t e d  w i t h  t he  
d e p r e s s i o n s  i n Cl ay  Count y ,  and t h e  r i d g e s  seem t o be ge ne ­
t i c a l l y  l i n k e d  t o  t he  d e p r e s s i o n s ,  p a r a me t e r s  f o r  t he  r i d g e s  
were d e f i n e d ,  measured and a n a l y z e d  as p a r t  of  t h i s  s t ud y .
Breached Ba s i n s - A  V a r i a t i o n  on t h e  
Ra i n b a s i n  De p r e s s i o n s  of  Cl ay  County
At  t he  o u t s e t  of  t he  s t u d y ,  a d e p r e s s i o n  was d e f i n e d  as 
a low p l a c e  of  any s i z e  on a p l a i n  s u r f a c e  whi ch e x h i b i t s  no 
n a t u r a l  o u t l e t  f o r  s u r f a c e  d r a i n a g e .  I t  was d i s c o v e r e d  t h a t  
l a n df or ms  s i m i l a r  i n a l most  e v e r y  r e s p e c t  t o d e p r e s s i o n s  
( c i r c u l a r  or  oval  i n shape ,  r i d g e  on t h e  s o u t h e a s t  s i d e ,
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Figure 9. Ridge ( l u n e t t e )  loca ted  on the southeast side o f  
a Rainbasin depression in Clay County. (Source: 
Ong, Nebraska 7^-minute quadrangle).
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g e n e r a l l y  f l a t  bot t om wi t h  upward s l o p i n g  s i d e s )  e x i s t e d  
in Cl ay  Count y .  These l andf or ms  ar e  he r e  t ermed " br eached  
b a s i n s " .  The br eached ba s i ns  are s i m i l a r  t o  t he  d e p r e s s i o n s  
ex cept  t h a t  t hey  d i s p l a y  a d r a i n a g e  o u t l e t  ( F i g u r e  1 0 ) .  In 
some cases t h e  br eached ba s i ns  m a n i f e s t  a t e r r a c e d  f l o o r  
whi ch i s  due t o t he  e f f e c t s  of  a s t r eam or  st r eams f l o w i n g  
t h r ough t he  b a s i n .  T h i r t e e n  br eached bas i ns  were d i s c o v e r e d  
in Cl ay  Count y .
Onl y  one r e f e r e n c e  r e l a t i n g  t o br eached bas i ns  was 
f ound .  Judson ( 1 9 5 0 )  s t a t e d  t h a t  t he  San Jon s i t e  of  h i s  
st udy ar ea  i n t h e  s out her n  Hi gh P l a i n s  of  e a s t e r n  New Mexi co  
" i s  an obv i ous d e p r e s s i o n  br eached by t he  r e l a t i v e l y  r e c e n t  
r e c e s s i o n  of  t he  E s c a r p me nt . "  The Escarpment  r e f e r r e d  t o i s  
t he  No r t h e r n  Escarpment  of  t he  High P l a i n s  f a c i n g  t he  
Canadi an V a l l e y .  Judson used t h i s  br eached d e p r e s s i o n ,  and 
o t h e r s  l i k e  i t ,  to s t udy  exposur es  a l ong t he  Escarpment  so 
t h a t  t he  i n t e r n a l  s t r u c t u r e  of  t he  d e p r e s s i o n s  coul d be ana ­
l y z e d .
The br eached ba s i ns  of  Cl ay Count y may be i n d i c a t i v e  of  
an o l d e r  g e n e r a t i o n  of  d e p r e s s i o n s  t h a t  have been br eached  
by t he e r o s i v e  f o r c e  of  s t r e a ms .  However ,  i t  i s  not  t he  
purpose of  t h i s  paper  t o  deal  at  l e n g t h  w i t h  t he  br eached  
ba s i ns  of  Cl ay  Count y .  Bu t ,  because t h e  bas i ns  ar e  so s i m i ­
l a r  t o t he  d e p r e s s i o n s ,  t he  bas i ns  are t r e a t e d  i n t h e  same 
manner  as t he  d e p r e s s i o n s  i n t h e  q u a n t i t a t i v e  a n a l y s i s  of  
t he  p r e s e n t  s t udy .
Scale 1: 2 4 , 0 0 0
F i g u r e  10 . Br e a c h e d  b a s i n  l o c a t e d  i n  c e n t r a l  Cl a y  Co u n t y .
(So u r c e : Fa i r f i e l d  and  Ha r v a r d , Ne b r a s k a
7%-m i n u t e  q u a d r a n g l e s ) ,
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Cha pt e r  3 
METHODOLOGY
L o c a t i n g  The Depr e ss i ons
In o r d e r  t o c a r r y  out  t h e  a n a l y s i s  on t h e  r a i n b a s i n  
d e p r e s s i o n s  of  Cl ay  Count y ,  t he d e p r e s s i o n s  f i r s t  had t o  be 
l o c a t e d .  S t e r e o - p a i r s  of  a e r i a l  phot ogr aphs  wer e i n i t i a l l y  
c o n s i d e r e d  f o r  t h i s  phase of  t he  p r o j e c t ,  but  because of  t he  
i n a d e q u a t e  s c a l e  of  t h e  a v a i l a b l e  phot ogr a p hy  and t h e  s u b t l e ­
t i e s  of  t he  d e p r e s s i o n s ,  t h i s  pr ocess  was soon abandoned.
I t  was t hen de c i ded  t h a t  t he  7 £ - m i n u t e  t o p o g r a p h i c  maps of  
Cl ay  County woul d be most  u s e f u l  f o r  t he  l o c a t i o n a l  aspect  
of  t h i s  s t u d y .  Twent y t o p o g r a p h i c  maps at  1 : 2 4 , 0 0 0  s c a l e  
were r e q u i r e d  f o r  c o mp l e t e  cover age  of  Cl ay  Count y .  These  
t o p o g r a p h i c  maps ar e  f a i r l y  new ( 1 9 6 0 - 1 9 6 9 ) ,  and t h e  c ont our  
i n t e r v a l s  are f i v e  and t e n  f e e t  dependi ng upon t h e  map be i ng  
used.
T r a c i n g  paper  was p l a c e d  over  each t o p o g r a p h i c  map so 
t h a t  each d e p r e s s i o n  and i t s  d r a i n a g e  ar ea  coul d  be t r a n s ­
f e r r e d  f r om t he  base map.  T h i s  pr ocess  a l l o we d  f o r  l ess  
v i s u a l  c o n f u s i o n  bet ween t h e  c ont our s  and any mark t h a t  
mi ght  be made d u r i n g  t he  measurement  of  t he  d e p r e s s i o n  p a r a -  
met er  s .
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D e p r e s s i o n a l  a r eas ar e  d e p i c t e d  on t o p o g r a p h i c  maps as 
c l o s e d ,  hachured co nt o ur  l i n e s .  However ,  not  e v e r y t h i n g  
a p p e a r i n g  i n t h i s  manner  i s  a n a t u r a l l y  o c c u r r i n g  d e p r e s ­
s i o n .  In l i g h t  of  t h i s  f a c t ,  i t  became e v i d e n t  t h a t  c e r t a i n  
d e c i s i o n s  had t o  be made r e g a r d i n g  whi ch d e p r e s s i o n s  woul d  
be i n c l u d e d  i n t h e  s t udy  and whi ch ones woul d no t .  I t  was 
f ound t h a t ,  i n Cl ay Count y ,  s e v e r a l  d e p r e s s i o n s  wer e i ndeed  
man- made.  These man-made d e p r e s s i o n s  i n c l u d e  road d i t c h e s ,  
s i l a g e  p i t s ,  and g r a v e l  p i t s .  F i g u r e  11 i l l u s t r a t e s  s e v e r a l  
man-made d e p r e s s i o n s  l o c a t e d  on t h e  abandoned U n i t e d  S t a t e s  
Naval  a mu n i t i o n  depot  i n w e s t - c e n t r a l  Cl ay  Count y .  The ar ea  
w i t h i n  t h e  boundar y of  t he  ammuni t i on depot  was v i r t u a l l y  
e l i m i n a t e d  f r om st udy  because an ov er whe l mi ng  m a j o r i t y  of  
t he  d e p r e s s i o n s  f ound her e  wer e man- made.  Fi . gure 12 i s  
a n o t h e r  exampl e of  man-made d e p r e s s i o n s .  In t h i s  i n s t a n c e  a 
d e p r e s s i o n  was c r e a t e d  when an e a r t h e n  dam was b u i l t  acr oss  
t he  s t r eam f o r  w a t e r  c o n s e r v a t i o n .  When t h e  e a r t h e n  dam was 
c o n s t r u c t e d ,  t he  c o nt our s  became " t r a p p e d " ;  t h e r e f o r e  
d e p i c t i n g  t he  a r ea  as a d e p r e s s i o n  by hachured c o n t o u r s .
In some a r e a s ,  t he  r a i n b a s i n  d e p r e s s i o n s  have been so 
g r e a t l y  m o d i f i e d  i n shape and s i z e  by man,  t h a t  t he s e  t oo  
were r e j e c t e d  f rom st udy  ( F i g u r e  1 3 ) .  In most i n s t a n c e s  
t h i s  m o d i f i c a t i o n  i s  due t o  l and l e v e l i n g  or c o n s t r u c t i o n .
By t he  end of  t he  l o c a t i o n a l  phase of  t he  p r o j e c t ,  120 
n a t u r a l  d e p r e s s i o n s  were s e l e c t e d  f o r  a n a l y s i s .
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Scale 1 : 2 4 , 0 0 0
Figure 11. Man-made depressions (road d i tch es )  on the abandoned 
U.S. Naval Ammunition depot, Clay County, (Source: 
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As not ed in Cha pt e r  2 , many of  t he  d e p r e s s i o n s  
possess a r i d g e  or " l u n e t t e "  on t h e i r  s o u t h e a s t  s i d e s .
These r i d g e s  wer e t r a n s f e r r e d  t o t he  t r a c i n g  paper  a l ong  
wi t h  t he  d e p r e s s i o n s  and d r a i n a g e  a r ea  of  t he  d e p r e s s i o n s .
For  t he  pur pose of  c l a r i t y  and c o n s i s t e n c y ,  t he  l ower  
l i m i t  of  t he  r i d g e  i s  d e f i n e d  as t h a t  c o nt our  t h a t  c l e a r l y  
d e l i m i t s  t h e  r i d g e ;  i . e . ,  t he  one t h a t  c l o s e s  on i t s e l f .
Once t h i s  g u i d e l i n e  was e s t a b l i s h e d ,  d e l i m i t i n g  a r i d g e  
became r a t h e r  s t r a i g h t f o r w a r d .
De p r e s s i o n  Pa r a me t e r s  and T h e i r  Measurement
A s e r i e s  of  t en p a r a me t e r s  ( n i n e  q u a n t i t a t i v e  and one 
q u a l i t a t i v e )  were d e f i n e d  and measured f o r  each of  t he  120 
d e p r e s s i o n s  s t u d i e d  i n Cl ay  Count y .  The measur ement s were  
t a k e n  e i t h e r  f r om t he  t r a c i n g - p a p e r  t r a n s f e r s  or  d i r e c t l y  
f r om t he  map.  The s e l e c t e d  p a r a me t e r s  i n c l u d e d  s u r f a c e  
a r e a ,  d e p t h ,  vo l ume,  p e r i m e t e r ,  az i mut h of  t he  ma j or  and 
mi nor  axes,  l e n g t h  of  ma j or  and mi nor  axes,  and t h e  d r a i n a g e  
a r e a  of  t he  d e p r e s s i o n .  The measurement s were a l l  r e c o r d e d  
on a codi ng f orm ( F i g u r e  14)  f o r  easy r e t r i e v a l .  A f t e r  a l l  
measurement s wer e r e c o r d e d ,  t he  da t a  were t hen key- punched  
on cards f o r  comput er  a n a l y s i s .
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DEPRESSION PARAMETER 
Cod i ng Form
Q u a d r a n g l e :____________________________________
De p r e s s i o n  i d e n t i f i e r : ______________________
Sur vey d e s c r i p t i o n : _____________________________
De p r e s s i o n  or  br eached ba s i n?
S u r f a c e  a r e a : _________________________________
D e p t h :__________________________________________
Vo 1ume:_________________________________________
P e r i m e t e r : _________________________________________
Azi mut h of  t h e  ma j or  a x i s : ________________
Az i mut h of  t he  mi nor  a x i s : ________________
Lengt h of  t he  ma j or  a x i s : __________________
Lengt h of  t he  mi nor  a x i s : __________________
D r a i n a g e  a r e a : ________________________________
Comment s :
C o u n t y :
F i g u r e  14.
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S u r f a c e  and d r a i n a g e  ar eas
The s u r f a c e  a r e a  f o r  each d e p r e s s i o n  and i t s  d r a i n a g e  
ar e a  were c a l c u l a t e d  by means of  a NUMONICS e l e c t r o n i c  p l a -  
n i me t e r .  Each d e p r e s s i o n  and d r a i n a g e  a r e a  was measured  
t h r e e  t i me s  w i t h  t he  av e r a ge  v a l u e  r e c or de d  on t h e  codi ng  
f o r m.
Depth
The dept h of  each d e p r e s s i o n  was d e t e r mi n e d  by
s u b t r a c t i n g  t h e  bot t om e l e v a t i o n  of  each d e p r e s s i o n  f r om t he
h i g h e s t  d e p r e s s i o n  ( h a c h u r e d )  co nt o ur  e x h i b i t e d  by each 
d e p r e s s i o n  ( F i g u r e  1 5 ) .  The bot t om e l e v a t i o n  f o r  each 
d e p r e s s i o n  was c a l c u l a t e d  by d i v i d i n g  t h e  co nt our  i n t e r v a l  
f o r  each t o p o g r a p h i c  map i n h a l f  and s u b t r a c t i n g  t h a t  f i g u r e  
f rom t he  l owest  hachur ed co nt o ur  f o r  t h e  r e s p e c t i v e  
d e p r e s s i o n .
P e r i m e t e r
The d i s t a n c e  around each d e p r e s s i o n  was measured  
t hr ough t he  use of  t he  NUMONICS e l e c t r o n i c  p l a n i m e t e r .  
Measurement s wer e t o  t he  n e a r e s t  f o o t  i n l e n g t h .
Az i mut h and l e n g t h  of  t he  ma j or  axes
The maj or  ax i s  of  a g i ven  d e p r e s s i o n  i s  d e f i n e d  as t h e
l o n g e s t  a x i s  e x h i b i t e d  by t h e  d e p r e s s i o n .  Because most
of  t he  d e p r e s s i o n s  i n Cl ay  count y  are oval  or  e l l i p i t i c a l  in 
p l a n ,  i t  was a r a t h e r  s t r a i g h t f o r w a r d  p r o c e d u r e  t o  d e t e r mi n e
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D E P R E S S I O N  G E O M E T R Y  
DEPTH
H I G H E S T  D E P R E S S I O N  
CO NTOUR E L E V A T I O N
B O T T OM  E L E V A T I O N L OE S S
RI DGE
HIGHEST DEPRESSION CONTOUR ELEVATION 
— BOTTOM ELEVATION
=  DEPTH OF DEPRESSION
F ig u re  15.
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where t h e  ma j or  a x i s  l a y .  The l e n g t h  of  t h e  ma j or  a x i s  was 
measured by an e n g i n e e r i n g  s c a l e  t o  t he  n e a r e s t  t en f e e t .
Az i mut hs  of  each ma j or  a x i s  were d e t e r mi n e d  by d r a wi ng  
a n o r t h - s o u t h  l i n e  t h r o u gh  t he  most  w e s t e r l y  p o i n t  of  t he  
maj or  a x i s  ( F i g u r e  1 6 ) ,  and t hen  meas ur i ng  t h e  angl e  bet ween  
t he  ma j or  a x i s  and t h e  n o r t h - s o u t h  l i n e .  The above p r o c e ­
dure p r o v i d e d  a s y s t e m a t i c  method f o r  angl e  measur ement .
T h i s  s t a t e me n t  i s  best  e x p l a i n e d  by exampl e .  A g i ven  
d e p r e s s i o n ,  l i k e  t h e  one i n F i g u r e  16 ,  has two p o s s i b l e  a z i ­
muths f o r  t h e  ma j or  a x i s .  I f - t h e  p l a n  above i s  f o l l o w e d ,  
t h e  s e l e c t e d  az i mut h  w i l l  be a p p r o x i m a t e l y  f i f t y  f i v e  
d e g r e e s .  I f  t he  n o r t h - s o u t h  l i n e  was drawn t h r o ug h  t he  most  
e a s t e r l y  p o i n t  i n s t e a d ,  t he  az i mut h woul d be 335 d e g r e e s .  
Even t hough t h e  ma j or  ax i s  has t he  same t r e n d ,  i t s  az i mut hs  
( 5 5 °  and 3 3 5 ° )  are q u i t e  d i f f e r e n t .  T h e r e f o r e ,  t he  s y s t e ma ­
t i c  p l an f o r  az i mut h measure o u t l i n e d  above was ada pt e d .
Az i mut h and l e n g t h  of  t he  mi nor  axes
The mi nor  a x i s  of  a d e p r e s s i o n  was d e t e r mi n e d  by 
f i n d i n g  t h e  l o n g e s t  l e n g t h  whi ch can be drawn p e r p e n d i c u l a r  
t o t he  ma j or  a x i s .  The measur ement s f o r  t he  mi nor  a x i s  
were c a r r i e d  out  i n s i m i l a r  f a s h i o n  t o  t h a t  f o r  t he  ma j or  
a x i s ;  t he  o n l y  d i f f e r e n c e  be i ng t h a t  t he  n o r t h - s o u t h  l i n e  
was drawn t h r ou g h  t h e  most  e a s t e r l y  p o i n t  of  t he  mi nor  ax i s  
( F i g u r e  1 6 ) .  T h i s  d i s t i n c t i o n  became u s e f u l  when a 
d e p r e s s i o n  was of  smal l  s i z e  or  i r r e g u l a r l y  shaped.
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D E P R E S S I O N  G E O M E TR Y  
MAJOR AND MINOR AXES, SURFACE AREA, AND PERIMETER
F ig u re  16.
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Vo 1ume
The vol ume f o r  each d e p r e s s i o n  was c a l c u l a t e d  by t he  
av er age  e n d - a r p a  method ( F i g u r e  1 7 ) .  Ac c or d i ng  t o  F i g u r e  
1 7 ,  t he  s u r f a c e  a r e a  w i t h i n  t h e  1860 c o n t o u r  l i n e  i s  d e t e r ­
mined and added t o t h a t  of  t h e  a r ea  w i t h i n  t h e  1850 c o nt our  
l i n e .  An e v e r a ge  s u r f a c e  a r e a  i s t hen c a l c u l a t e d  and 
m u l t i p l i e d  by t he  c ont our  i n t e r v a l  of  t he  t o p o g r a p h i c  ma ps - -  
i n t h i s  ex a mpl e ,  t en f e e t .  The r e s u l t i n g  f i g u r e  i s  t h e  
vol ume ( V I )  bet ween t h e  1860 and 1850 co nt o ur  l i n e s .  A f t e r  
t he  vol ume has been c a l c u l a t e d  f o r  each p a i r  of  co nt o ur  
l i n e s ,  t he  vol umes are summed t o  y i e l d  t h e  t o t a l  vol ume of  
t h e  d e p r e s s i o n .
Ot h e r  Dat a
In a d d i t i o n  t o  t he  v a r i o u s  q u a n t i t a t i v e  d a t a  accumu­
l a t e d  f o r  each d e p r e s s i o n ,  a c e r t a i n  amount of  q u a l i t a t i v e  
da t a  was a l s o  g a t h e r e d .  From F i g u r e  14 ,  i t  can be seen t h a t  
a d e p r e s s i o n  was g i ven an i d e n t i f y i n g  number ,  a sur vey  
d e s c r i p t i o n ,  q u a d r a n g l e  or  t o p o g r a p h i c  map l o c a t i o n ,  and a 
p l a c e  f o r  comments about  t h e  d e p r e s s i o n .  The l o c a t i o n a l  
i n f o r m a t i o n  was u s e f u l  when q u e s t i o n s  c o n c e r n i n g  s p e c i f i c  
depr ess  i ons a r o s e .
Anot he r  u s e f u l  p i e c e  of  i n f o r m a t i o n  was wh e t h e r  or  not  
a d e p r e s s i o n  was br eached ( i . e .  i s t h e  l a n df or m a d e p r e s s i o n  
or br eached b a s i n ? ) .  Th i s  aspec t  i s  r e l e v a n t  t o t he  s t udy  
o n l y  i n a d e s c r i p t i v e  sense .  Measurement s were made on t h e
D E P R E S S I O N  AND LOE SS RI DG E G E O M E T R Y
VOLUME CALCULATION 
(AVERAGE END-AREA METHOD)
■ BfeO C O N T O U R  l
AREA =  500 F T
=  750 F T 24-2 =  n l 2 =  3750 FT
X l U M  | i / iV OLUME = V
250 FT
250 F T 2 _  p c f ] C T 2^_p — 180 F T 2  i o nn  c t- t - l O F T 2 260FT - 2 - x l 0 F T  -  1800 FT
10 FT'
3750 FT3 
+ 1800 FT3 
TOTAL VOLUME =  5550 FT3
F igu re  17.
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br eached bas i ns  i n t h e  same f a s h i o n  as t hos e  f o r  t h e  c l ose d  
d e p r e s s i o n s  ex cept  t h a t  t he  a r e a l  e x t e n t  of  a br eached ba s i n  
was not  d e t e r mi n e d  by a hachur ed c o n t o u r .  R a t h e r ,  s o i l s  
i n f o r m a t i o n  and t o p o g r a p h i c  d a t a  wer e used t o  d e l i m i t  t h e  
boundar y of  t he  br eached b a s i n s .
Ri dge P a r a me t e r s  and T h e i r  Measurement
The r i d g e  pa r a me t e r s  c l o s e l y  p a r a l l e l  t hose  of  t he  
d e p r e s s i o n s  and i n c l u d e  s u r f a c e  a r e a ,  h e i g h t  of  t he  r i d g e  
above t h e  p l a i n ,  vo l ume,  p e r i m e t e r ,  az i mut h of  t he  ma j or  and 
mi nor  ax es ,  l e n g t h  of  t he  ma j or  and mi nor  axes ,  and t h e  
d i s t a n c e  f r om r i d g e l i n e  t o t he  d e p r e s s i o n .  F i g u r e  18 i s  t h e  
codi ng f or m used f o r  r e c o r d i n g  t h e  measurement s of  t he  r i d g e  
p a r a m e t e r s .
Measurement  of  t he  r i d g e  pa r a me t e r s  f o l l o w e d ,  f o r  t h e  
most p a r t ,  t he  scheme de v e l ope d  f o r  t he  d e p r e s s i o n  par ame­
t e r s .  N e v e r t h e l e s s ,  a few e x c e p t i o n s  shoul d be n o t e d .
H e i q h t
H e i g h t  of  a r i d g e  or l u n e t t e  i s  c a l c u l a t e d  by s u b t r a c ­
t i n g  t h e  h i g h e s t  hachured d e p r e s s i o n  co nt our  f r om t he  e l e v a ­
t i o n  of  t he  r i d g e  t op ( F i g u r e  1 9 ) .  The r i d g e  t op e l e v a t i o n  
i s  d e t e r mi n e d  i n t h e  same manner  as t h a t  f o r  t he  d e p r e s s i o n  
bot t om e l e v a t i o n .
Az i mut h and l e n g t h  of  t he  ma j or  axes




Q u a d r a n g l e : ______________________________  Co u n t y : ___
Ri dge i d e n t i f i e r : _______________________
As s o c i a t e d  w i t h :  d e p r e s s i o n  of  br eached bas i n?
S u r f a c e  a r e a : ____________________________
Hei  g h t :____________________________________
Vo l u me :____________________________________
P e r i m e t e r :________________________________
Az i mut h of  t he  ma j or  a x i s : ___________
Az i mut h of  t h e  mi nor  a x i s : ___________
Lengt h of  t he  ma j or  a x i s : _____________
Lengt h of  t h e  mi nor  a x i s : _____________
D i s t a n c e  f r om t h e  r i d g e l i n e  t o n e a r e s t  edge of  
d e p r e s s i o n :_______________________________
Comment s :
t he
F i g u r e  1 8 .
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LO E S S  R I D G E  G E O M E TR Y  
HEIGHT
TOP E L E V A T I O N
H I G H E S T  D E P R E S S I O N  
CON TOUR E L E V A T I O N
L O E S S
RI DGE
D E P R E S S I O N
T OP  E L E V A T I O N  
—  H I G H E S T  D EP RE S SI O N  CONTOUR E L E V A T I O N
=  H E I G H T  OF L O ES S  R I D G E ABOVE T H E  P L A I N
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Figure 20. Segmented r idge  on the south s ide o f  a Rainbasin 
depress ion,  (Source: F a i r f i e l d ,  Nebraska
7%-minute quadrang le) .
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c r e s c e n t i c  i n shape ,  and may be br oken up i n t o  s e p a r a t e  
segment s .  Th i s  f a c t  n e c e s s i t a t e d  an a l t e r n a t e  method f o r  
meas ur i ng  t h e  az i mut h and l e n g t h  of  t he  ma j or  axes of  t he  
r i d g e s .
The l e n g t h  of  t he  ma j or  a x i s  was d e t e r mi n e d  t o  be t h e  
l e n g t h  of  t he  r i d g e l i n e .  In t h e  case of  two or  more 
segment s ,  a compos i t e  l e n g t h  was c a l c u l a t e d  by addi ng t h e  
l e n g t h  segment s of  t h e  v a r i o u s  r i d g e l i n e s  t o g e t h e r  
( F i g u r e  2 1 ) .
The az i mut h  of  a r i d g e  was d e t e r mi n e d  by dr a wi ng  a l i n e  
bet ween t h e  oppos i ng ends of  t he  r i d g e .  Where t h e  r i d g e  i s  
br oken up i n t o  segment s ,  a l i n e  was drawn bet ween t h e  
oppos i ng ends of  t he  most  d i s t a n t  segments ( F i g u r e  2 1 ) .
Thus,  t he  az i mut h  of  t he  ma j o r  ax i s  r e p r e s e n t s  an " a v e r a g e "  
a z i mu t h .
Az i mut h and l e n g t h  of  t he  mi nor  axes
The method used i n c a l c u l a t i o n  of  t h e s e  p a r a m e t e r s ,  i s  
t he  same as t h a t  used f o r  t h e  d e p r e s s i o n  p a r a me t e r s .
Su r f a c e  a r e a ,  p e r i m e t e r ,  and vol ume
S u r f a c e  a r e a ,  p e r i m e t e r ,  and volume p a r a me t e r s  were  
measured i n t h e  same manner  as t h e  c o r r e s p o n d i n g  d e p r e s s i o n  
p a r a me t e r s .  Where a r i d g e  c o n s i s t s  of  two or  more segment s ,  
t he  v a r i o u s  measur ement s wer e made f o r  each segment  and 
summed t o c r e a t e  a compos i t e  measur ement .
L O E S S  RI DG E G E O M E T R Y  
MAJOR AND MINOR AXES, SURFACE AREA, AND PERIMETER
F ig u re  21.
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D i s t a n c e  f r om r i d g e l i n e  t o  edge of  d e p r e s s i o n
The r i d g e - d e p r e s s i o n  d i s t a n c e  measurement  r e p r e s e n t s  an 
a v e r a ge  d i s t a n c e  f r om t he  r i d g e l i n e  t o  t he  n e a r e s t  edge of  
t h e  d e p r e s s i o n .  Thr e e  l o c a t i o n s  a l ong t he  r i d g e l i n e  wer e  
chosen f o r  measur ement .  Two of  t he  t h r e e  p o i n t s  were  
l o c a t e d  at  o p p o s i t e  ends of  t he  r i d g e  w h i l e  t h e  t h i r d  p o i n t  
was l o c a t e d  h a l f w a y  bet ween t h e  f i r s t  two p o i n t s .  A p e r ­
p e n d i c u l a r  l i n e  was drawn f r om t h e s e  l o c a t i o n s  t o t he  f i r s t  
hachur ed co nt o ur  of  t he  d e p r e s s i o n  ( F i g u r e  2 2 ) .  The 
l e n g t h s  wer e t hen summed,  a v e r a g e d ,  and r e c or d e d  on t h e  
codi ng f o r m.
Q u a l i t a t i v e  A n a l y s i s
The d e p r e s s i o n s  i n Cl a y  Count y are a n a l y z e d  c a r -  
t o g r a p h i c a l l y  as w e l l  as q u a n t i t a t i v e l y .  The c a r t o g r a p h i c  
i n v e s t i g a t i o n  compr i ses  t h e  q u a l i t a t i v e  component  of  t he  
t h e s i s .  A map of  a l l  r a i n b a s i n  d e p r e s s i o n s ,  and t h e i r  a s s o ­
c i a t e d  r i d g e s  has been r e pr od uc e d  in Cha pt e r  4.  From t h i s  
map,  s e v e r a l  i n f e r e n c e s  as t o d e p r e s s i o n  o r i g i n a t i o n ,  mo d i ­
f i c a t i o n ,  and l o c a t i o n  are p o s s i b l e .  A d d i t i o n  a 11y , a map 
d e p i c t i n g  t h e  p o o r l y  d r a i n e d  s o i l s  in r e l a t i o n  t o  t he  
d e p r e s s i o n s  has been pr oduc e d .  The mai n purpose of  t h i s  
map i s  t o  d e t e r mi n e  i f  s o i l s  i n f o r m a t i o n  can be used t o  
a c c u r a t e l y  d e f i n e  t h e  o c c u r r e n c e  and a r e a l  e x t e n t  of  t he  
d e p r e s s i o n s  of  Cl ay Count y .
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L O E S S  RI DG E G E O M E T R Y
CALCULATION OF DISTANCE FROM RIDGELINE 
TO NEAREST EDGE OF THE DEPRESSION
L =  L E N G T H  IN F E E T
L i + l 2 + l 3 =  A V E R A G E  D I S T A N C E  F RO M R I D G E L I N E  
3 TO E D G E  OF D E P R E S S I O N
F igu re  22.
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Q u a n t i t a t i v e  A n a l y s i s
The v a r i o u s  pa r a me t e r s  and t h e i r  measures were sub­
j e c t e d  t o  s t a t i s t i c a l  a n a l y s i s  v i a  t h e  SPSS ( S t a t i s t i c a l  
Package f o r  t he  S o c i a l  Sc i e n c e s )  r o u t i n e s ,  C o n d e s c r i p t i v e  
Pear son C o r r e l a t i o n ,  R e g r e s s i o n ,  and D i s c r i m i n a n t .
P e a r s o n ' s  C o r r e l a t i o n  was used t o d e t e r mi n e  i f  s t r o n g  
r e l a t i o n s h i p s  e x i s t  bet ween t h e  p a r a me t e r s  of  t he  r i d g e  
and d e p r e s s i o n  c a t e g o r i e s  ( be t ween group r e l a t i o n s h i p s ) ,  
and t o  d e t e r mi n e  i f  r e l a t i o n s h i p s  e x i s t  bet ween pa r a me t e r s  
f o r  a g i ven group ( w i t h i n  group r e l a t i o n s h i p s ) .  Re gr e s s i o n  
i s s i m i l a r  t o P e a r s o n ' s  C o r r e l a t i o n  except  t h a t  Re g r e s s i o n  
may be used as an i n f e r e n t i a l  t o o l .  D i s c r i m i n a n t  a n a l y s i s  
was used t o  see i f  t he  r i d g e  and d e p r e s s i o n  pa r a me t e r s  
coul d be used t o  p r e d i c t  membershi p of  a g i ven d e p r e s s i o n  
i n t o  p r e d e t e r mi n e d  gr oups .  I f  t h i s  l a t t e r  p r o c e du r e  i s  
s u c c e s s f u l ,  i t  mi ght  suggest  t h a t  s p a t i a l  o r d e r  does 
e x i s t  i n t h e  R a i n b a s i n  of  Cl ay  C o u n t y - - t h a t  i s ,  t he  
d e p r e s s i o n s  ar e  of  t he  same g e n e t i c  p r o c e s s .
The SPSS r o u t i n e  " C o n d e s c r i p t i v e "  was a l so  empl oyed t o  
y i e l d  d e s c r i p t i v e  s t a t i s t i c s  of  t he  d e p r e s s i o n s  and r i d g e s .  
T h i s  as pec t  of  t he  st udy ( q u a n t i t a t i v e  a n a l y s i s )  i s  t h e  
f i r s t  such a n a l y s i s  of  t he  d e p r e s s i o n s  i n Cl ay  Count y known 




Gener a l  Comments
The r a i n b a s i n  d e p r e s s i o n s  of  Cl ay  County are a n a l y z e d  
both c a r t o g r a p h i c a l l y  and s t a t i s t i c a l l y .  The d e p r e s s i o n s  
ar e  c h a r a c t e r i z e d  i n t er ms of  t h e i r  p h y s i c a l  a t t r i b u t e s ,  
t r e n d s  and p a t t e r n s ,  and t h e i r  r e l a t i o n s h i p  t o  o t h e r  l and  
f o r ms .  Some r e s u l t s  of  t he  f i e l d  t r i p s  t a k e n  t o t he  s t udy  
a r e a ,  coupl ed w i t h  s u b s u r f a c e  i n f o r m a t i o n ,  a e r i a l  pho­
t o g r a p h s ,  and p e r s o n a l  i n t e r v i e w s  w i t h  g e o l o g i s t s ,  f orm a 
p a r t  of  t h i s  c h a p t e r .  The knowl edge g l eened f r om t he  
above i s not  meant  t o  be e x h a u s t i v e ,  but  r a t h e r  t o  be 
s u g g e s t i v e  of  what  has happened i n c e r t a i n  s p e c i f i c  l o c a ­
t i o n s .
C a r t o g r a p h i c  A n a l y s i s
The need f o r  v i s u a l i z a t i o n  of  t he  t r e n d s ,  d i s t r i b u t i o n ,  
and p a t t e r n s  of  t he r a i n b a s i n  d e p r e s s i o n s  of  Cl ay  Count y ,  
n e c e s s i t a t e d  a l l  of  t he  d e p r e s s i o n s  be i ng i n c o r p o r a t e d  





Ridgef.: J  Not studied
Breached basinStudied
Figure 23. Locat ion o f  the depressions, breached basins,  
and r idges o f  Clay County.
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un mo di f i e d  d e p r e s s i o n s  and br eached b a s i n s ,  a l ong w i t h  t h e i r  
r e s p e c t i v e  r i d g e s ,  as d e p i c t e d  on t h e  7 i - m i n u t e  q u a d r a n g l e s  
of  Cl ay  Count y .  Some of  t he  d e p r e s s i o n s  and a s s o c i a t e d  
r i d g e s  were i n i t i a l l y  (and u n i n t e n t i o n a l l y )  o v e r l o o k e d  and,  
t h e r e f o r e ,  were not  i n c l u d e d  i n t h e  s t a t i s t i c a l  a n a l y s i s .  
However ,  t h e s e  d e p r e s s i o n s  ar e  not ed i n F i g u r e  23 and are  
i n c l u d e d  i n t h e  c a r t o g r a p h i c  a n a l y s i s .
De p r e s s i o n  d i s t r i b u t i o n
Ra i n b a s i n  d e p r e s s i o n s  ar e  f ound t h r o u g h o u t  Cl ay  Count y  
w i t h  t he  e x c e p t i o n  of  Townshi p 5 - N o r t h ,  Range 8 - We st  ( F i g u r e  
2 3 ) .  Th i s  i s not  to say t h a t  t h i s  t owns h i p  has no 
d e p r e s s i o n s ,  but  r a t h e r  t h a t  t he  s c a l e  and c o n t o u r  i n t e r v a l  
of  t he  t o p o g r a p h i c  maps may have not  been s u f f i c i e n t  t o  
d e l i n e a t e  any p o s s i b l e  d e p r e s s i o n s  l o c a t e d  t h e r e .
Some of  t he  d e p r e s s i o n s  i n Cl ay Count y appear  t o  be 
grouped t o g e t h e r  i n  l i n e a r  t r e n d s .  For  ex ampl e ,  some 
seem t o be l o c a t e d  a l ong a d i a g o n a l  l i n e  f rom T r u m b u l l ,  in 
n o r t h w e s t e r n  Cl ay  Count y ,  t o Ong i n s o u t h e a s t e r n  Cl ay  
Count y ( F i g u r e  2 3 ) .  A s i m i l a r  t r e n d  can be n o t i c e d  a l ong a 
l i n e  f rom G l e n v i l l e ,  t o F a i r f i e l d ,  to Edgar .
Reeves ( 1 9 6 6 )  not ed t h a t  l a r g e  d e p r e s s i o n s  o f t e n  
o c c ur r e d  i n groups i n h i s  s t udy  ar ea  in west  Te x a s .  He 
suggest ed t h a t  t h e s e  d e p r e s s i o n s  may have been ‘' p a r t  of  an 
i n t e r c o n n e c t e d ,  o p e n - l a k e  syst em whi ch f ormed a l ong ol d  
r i v e r  syst ems" ( Ree ve s ;  1 9 6 6 ,  p.  1 5 0 ) .  I t  i s e n t i r e l y
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p o s s i b l e  t h a t  t he  l i n e a r  t r e n d s  not ed above,  coul d  have o r i ­
g i n a t e d  i n t h e  way Reeves d e s c r i b e d .  I t  i s  a l s o  p o s s i b l e  
t h a t  a n o t h e r  f a c t o r ,  such as w i n d ,  may be r e s p o n s i b l e  f o r  
t h i s  l i n e a r  t r e n d .  D r i l l  cor e  sampl es t a k e n  t h r o u g h  some of  
t h e  d e p r e s s i o n s  w i t h i n  t h e  l i n e a r  t r e n d s  woul d be u s e f u l  in 
a d d r e s s i n g  t h e  t h e o r y  suggest ed by Reeves.
P h y s i c a l  c h a r a c t e r i s t i c s
As can be not ed i n F i g u r e  23 ,  t he  s i z e  of  t he  d e p r e s ­
s i ons  i s q u i t e  v a r i a b l e .  The l a r g e r  d e p r e s s i o n s  ar e  f o u n d ,  
f o r  t h e  most  p a r t ,  a l ong t he  d i a g o n a l  l i n e  f rom Tr umbul l  to  
Ong.  The s m a l l e r  d e p r e s s i o n s  ar e  s c a t t e r e d  t h r o u g h o u t  t he  
c o u n t y .
The shape of  t he  d e p r e s s i o n s ,  when t a k e n  as a wh o l e ,  
v a r i e s  g r e a t l y .  However ,  i t  appears t h a t  t h e  l a r g e r  
d e p r e s s i o n s  t end t o  be more e l l i p t i c a l  in shape ,  w h i l e  t he  
s m a l l e r  d e p r e s s i o n s  may be e l l i p t i c a l ,  c i r c u l a r ,  or  even 
i r r e g u l a r  i n p l a n .
F i g u r e  24 d e p i c t s  t h e  l e n g t h  and az i mut h of  t he  
d e p r e s s i o n s  f ound i n F i g u r e  23 .  The l a r g e r  d e p r e s s i o n s  
( l o n g  a r r ows )  seem t o possess a s i m i l a r  az i mut h w h i l e  t h e  
s m a l l e r  d e p r e s s i o n s  e x h i b i t  a wi de r ange of  a z i mu t h s .
A g e n e r a l  e v o l u t i o n a r y  scheme may be suggest ed f r om 
F i g u r e s  23 and 24:  As t h e  s m a l l e r ,  r a n d o m l y - o r i e n t e d
d e p r e s s i o n s  become l a r g e r ,  t he y  t end t o  become more e l l i p ­
t i c a l  in shape and t h e y  t end t o possess s i m i l a r  m a j o r - a x i s  
a z i mu t h s .
I I
Ong
E d g a r
Figure 24. Length and azimuth of the major axes of the depressions.
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At  t h i s  p o i n t ,  one mi ght  ask how t h e  d e p r e s s i o n s  become 
e n l a r g e d ,  or  how t he  l a r g e r  d e p r e s s i o n s  a t t a i n  t h e i r  e l l i p ­
t i c a l  shape and o r i e n t a t i o n .  To addr ess  t he  f i r s t  q u e s t i o n ,  
i t  woul d seem t h a t  d e f l a t i o n  woul d be a l o g i c a l  f a c t o r  i n  
e n l a r g i n g  t h e  d e p r e s s i o n .  Wind woul d er ode m a t e r i a l s  out  of  
t h e  d e p r e s s i o n s  and t r a n s p o r t  them e l s e w h e r e ,  whereas w a t e r  
woul d t e nd  t o  f i l l  t h e  d e p r e s s i o n s  i n and d i mi n i s h  t h e i r  
s i z e .  The o r i e n t a t i o n  and e l l i p t i c i t y  of  t he  l a r g e r  
d e p r e s s i o n s  appear s  t o be wi nd i nduced as w e l l .  Judson 
( 1 9 5 0 ) ,  who s t u d i e d  l a k e  ba s i ns  i n e a s t e r n  New Me x i c o ,  
p o s t u l a t e d  t h a t  d e p o s i t i o n  of  e o l i a n  m a t e r i a l s  on t h e  l ee  
s i de  of  t he  l a k e  ba s i ns  shoul d t e nd  t o  e l o n g a t e  them p e r p e n ­
d i c u l a r  t o  t he  wi n d .  Judson added t h a t  " q u a n t i t a t i v e  d a t a  
were i n s u f f i c i e n t  t o make a more d e f i n i t e  s t a t e me n t "
( Judson;  1 9 50 ,  p.  2 6 6 ) .  P r i c e  ( 1 9 6 8 ) ,  Mar r s  and Gay l or d  
( 1 9 8 2 ) ,  and Kolm ( 1 9 8 2 )  f ound t h a t  o r i e n t e d  l a k e s ,  l a k e  
b a s i n s ,  pi  ay as,  and o t h e r  d e p r e s s i o n s  t end t o  be a l i g n e d  
o r t h o g o n a l  t o t he  wi n d .
The months November t h r o u gh  A p r i l  are t he  months w i t h  
t he  s t r o n g e s t  wi nds i n Ne br a s k a .  These s t r o n g  wi nds p r e v a i l  
f rom t he  no r t h  t o t he  n o r t h w e s t .  In a d d i t i o n ,  ve r y  l i t t l e  
p r e c i p i t a t i o n  occur s  d u r i n g  t he  months November t h r ough  
A p r i l  ( Lawson,  Dewey,  and N e i I d ;  1 9 7 7 ) .  I f  t he  p r e s e n t  c l i ­
mate c o n d i t i o n s  are i n d i c a t i v e  of  past  e v e n t s ,  i t  woul d  
appear  t h a t  e o l i a n  a c t i o n  i s  r e s p o n s i b l e  f o r  o r i e n t i n g  t h e  
d e p r e s s i o n s  in Cl ay  Count y .
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Reeves ( 1 9 6 6 )  p r e s e n t e d  two hy pot heses  f o r  d e p r e s s i o n  
o r i e n t a t i o n :  1) f o r m a t i o n  a l ong a s t r eam c h a n n e l ,  and 2)
e n d - c u r r e n t  e r o s i o n .  A t h i r d  h y p o t h e s i s  woul d be a com­
b i n a t i o n  of  1 and 2.  N e v e r t h e l e s s ,  Reeves f e l t  t h a t  t he  
l a r g e  Cl ass IV ( l a k e  ba s i ns  pr oduced a l ong s t r eams d u r i n g  
P l e i s t o c e n e  p l u v i a l s )  b a s i n s ,  and p l a y a s ,  of  h i s  s t udy  ar ea  
owed t h e i r  o r i e n t a t i o n  t o e n d - c u r r e n t  e r o s i o n .
L i v i n g s t o n e  ( 1 9 5 4 )  d e r i v e d  a t h e o r e t i c a l  model  t h a t  he 
f e l t  mi ght  e x p l a i n  t h e  p a r a l l e l i s m  of  t he  o r i e n t e d  l a k es  of  
A l a s k a - - e n d - c u r r e n t  e r o s i o n .  The o r i e n t a t i o n  of  t he  l akes  
on t h e  c o a s t a l - p l a i n  of  n o r t h e r n  A l a s k a  has been d e s c r i b e d  
by v a r i o u s  w r i t e r s  ( B l a c k  and B a r k s d a l e ,  1949;  Carson and 
Hussey,  1 9 6 2 ) ,  and d i f f e r e n t  o r i e n t i n g  agent s  have been 
d i s c u s s e d ;  a l l  us i ng wi nd as an agent  in one f or m or  
a n o t h e r .  L i v i n g s t o n e  f ound t h a t  t he  o r i e n t e d  l a k e s  of  
A l a s k a  were a l i g n e d  p e r p e n d i c u l a r  t o t he  w i n d - - u n l i k e  
Bl ack  and Ba r k s d a l e  who f e l t  t he  l akes  were o r i e n t e d  
p a r a l l e l  to t h e  wi n d .
Usi ng a c i r c u l a r  l a k e  b a s i n  as hi s  s t a r t i n g  p o i n t ,  
L i v i n g s t o n e  account ed f o r  l a k e  o r i e n t a t i o n  i n t h e  f o l l o w i n g  
way:  as t he  wi nd bl ows acr oss  t he  l a k e ,  l on g s h o r e  c u r r e n t s
set  up i n t h e  l a k e .  The l o n g s h o r e  c u r r e n t s  t hen a t t a c k  t h e  
ends of  t he  c i r c u l a r  l a k e ;  t he  ends be i ng p o i n t s  p e r p e n ­
d i c u l a r  t o  wi nd f l o w  at  a maximum d i s t a n c e  f rom t he  c e n t e r  
of  t he  l a k e .  The e r o s i v e  power  of  t he s e  e n d - c u r r e n t s  were  
h y p o t h e s i z e d ,  by L i v i n g s t o n e ,  t o be more e f f e c t i v e  t han
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o t h e r  c u r r e n t s  t h a t  ar e  p r e v a l e n t  in t h e  l a k e .  Thus,  t he  
l ak e s  t end t o  a t t a i n  an e l l i p t i c a l  t o s u b - e l l i p t i c a l  shape  
and t h e  az i mut hs  of  t he  ma j or  axes ar e  s i m i l a r .
Many of t he  d e p r e s s i o n s  i n Cl ay  Count y now c o n t a i n  
w a t e r .  I t  i s  not  u n r e a s o n a b l e  t o  t h i n k  t h a t  a l l  c o n t a i n e d  
wa t e r  c e n t u r i e s  ago.  T h e r e f o r e ,  t h e  mechani sm d e s c r i b e d  by 
L i v i n g s t o n e  coul d have o p e r a t e d  on t h e  d e p r e s s i o n s  of  Cl ay  
C o u n t y - - i n d e e d  , i t  i s  p r o b a b l e  t h a t  e n d - c u r r e n t  e r o s i o n  
may be be o p e r a t i n g  at  p r e s e n t  in t h e  d e p r e s s i o n s .
However ,  q u a n t i t a t i v e  work c o n c e r n i n g  e n d - c u r r e n t  e r o s i o n  i n  
t h e  d e p r e s s i o n s  of  Cl ay  Count y i s  not  known t o  e x i s t ;  
c l e a r l y ,  r e s e a r c h  i n t he  a r e a  of  e n d - c u r r e n t  e r o s i o n  woul d  
be u s e f u l  i n a n a l y z i n g  t h e  shape and o r i e n t a t i o n  of  t he  
d e p r e s s i o n s  i n t h e  R a i n b a s i n .
Ri dges
From F i g u r e  23 s e v e r a l  f e a t u r e s  can be n o t e d ,  b u t ,  t he  
most a p pa r e n t  i s t h e  pr e s e nc e  of  a r i d g e  on t h e  sout h and 
ea s t  s i de s  of  some d e p r e s s i o n s  in Cl ay  Count y .  A l s o ,  many 
of t h e s e  r i d g e s  are c r e s c e n t i c  in p l an and,  t h u s ,  conf orm to  
H i l l s '  d e s c r i p t i o n  of  a l u n e t t e  ( H i l l s ,  1 9 4 0 ) .
G i l b e r t  ( 1 8 9 5 )  and Co f f e y  ( 1 9 0 9 )  f e l t  t h a t  t he  pr es enc e  
of  r i d g e s ,  f ound i n a s s o c i a t i o n  w i t h  d e p r e s s i o n s ,  coul d o n l y  
be e x p l a i n e d  i n t er ms of  wi nd a c t i o n ;  i . e . ,  t he  wi nd d e f l a ­
t e s  m a t e r i a l s  f r om t he  d e p r e s s i o n  and d e p o s i t s  t h os e  m a t e r i a l s
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on t h e  l e e  s i d e  of  t he  d e p r e s s i o n .  Because t h e  r i d g e s  are  
c o n s i s t e n t l y  f ound on t he  sout h and e a s t  s i d e s  of  t he  
d e p r e s s i o n s ,  i t  woul d seem t h a t  G i l b e r t  and C o f f e y  are  
c o r r e c t  in t h e i r  a p p r a i s a l  of  r i d g e  d e v e l o p me n t .  Thus,  a 
q u e s t i o n  i s r a i s e d :  Are t h e  r i d g e s  and d e p r e s s i o n s  gen-
t i c a l l y  l i n k e d ?  S t a t i s t i c a l  a n a l y s i s  of  t he  r i d g e s  and 
d e p r e s s i o n s  i s  e x pe c t e d  t o  be an a i d i n a t t e m p t i n g  t o  answer  
t h i s  q u e s t i o n .
F i e l d  O b s e r v a t i o n
Dur i ng  t h e  summer of  1 9 8 3 ,  a s e r i e s  of  f i e l d  t r i p s  wer e  
t a k e n  t o  Cl ay  Count y .  These t r i p s  wer e de s i gned t o  ga i n  
f i r s t - h a n d  knowl edge of  t he  c h a r a c t e r  of  t he d e p r e s s i o n s  in 
Cl ay  Count y .  In a d d i t i o n ,  many q u e s t i o n s  were asked whi ch  
ser ved t o g i v e  d i r e c t i o n  t o  t he  r e s e a r c h .
From t h e  f i e l d  o b s e r v a t i o n s ,  and v i s u a l  a n a l y s i s  of  t he  
t o p o g r a p h i c  maps of  t he  s t udy  a r e a ,  i t  became obvi ous  t h a t  
t h e  d e p r e s s i o n s  and r i d g e s  had t o be a n a l y z e d  c o n c u r r e n t 1y . 
I t  was f e l t  t h a t  t h e  r i d g e s  mi ght  be p a r t i c u l a r l y  r e v e a l i n g .  
One d e p r e s s i o n ,  and i t s  a s s o c i a t e d  r i d g e ,  i s  e s p e c i a l l y  
n o t e wo r t h y  and i s d i s c u s s e d  be l ow.
Theesen Lagoon
Theesen Lagoon,  l o c a t e d  on t h e  Adams- Cl ay  Count y l i n e  
and a p p r o x i m a t e l y  o n e - h a l f  m i l e  nor t h we s t  of  G l e n v i l l e ,
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i s 7 i  f e e t  deep,  o c c up i e s  a d e p r e s s i o n  ha v i ng  a s u r f a c e  ar ea  
of  about  390 a c r e s ,  and has a r i d g e  on t h e  sout h s i d e .  The 
l agoon was v i s i t e d  on a f i e l d  t r i p  t o Cl ay  Count y ,  and 
ser ved t o  r e i n f o r c e  t h e  d e f l a t i o n  t h e o r y  as t h e  mode of  o r i ­
gi n f o r  at  l e a s t  some of  t he  d e p r e s s i o n s  i n Cl ay  Count y .
Logs of  t e s t  ho l es  d r i l l e d  by t h e  C o n s e r v a t i o n  and 
Sur vey  D i v i s i o n ,  U n i v e r s i t y  of  N e b r a s k a - L i n c o 1n and t h e  U. S.  
G e o l o g i c a l  Sur vey are l i s t e d  and t h e  geol ogy  i s d e s c r i b e d  i n 
v a r i o u s  r e p o r t s .  I n f o r m a t i o n  suggest s  t h a t  P e o r i a  Loess  
ma nt l e s  t h e  l and s u r f a c e  i n t h e  upl ands of  t he  Bl ue R i v e r  
Ba s i n .  T y p i c a l l y  a " b u r i e d "  s o i l  r e f e r r e d  t o  as t h e  Gi l man  
Canyon F o r ma t i o n  u n d e r l i e s  t h e  l o e s s .  U n d e r l y i n g  t h e  Gi l man  
Canyon i s t he  Love l and  F o r ma t i o n  and o l d e r  g e o l o g i c  u n i t s .  
St u d i e s  i n t h e  l a s t  15 t o 20 y e a r s  suggest  t h a t  t he  
Love l and F o r ma t i o n  i s  t h e  upper  u n i t  of  a compl ex sequence  
of  brown t o  gr ay  s i l t s ,  c l a y s ,  sandy s i l t s  and sands.  The 
names of  Love l and ( y o u n g e s t )  Beaver  Creek and G r a f t o n  
( o l d e s t )  f o r m a t i o n s  have been a p p l i e d  t o  t h i s  compl ex .  A 
basal  sandy g r a v e l  may be a s s o c i a t e d  w i t h  any of  t he  t h r e e  
p r e - G i l m a n  Canyon f o r m a t i o n s  ( D r e e s z e n ,  1984;  p e r s o n a l  
c o mmu n i c a t i o n ) .  Onl y  one t e s t  ho l e  has been d r i l l e d  i n a 
d e p r e s s i o n  s i t e  i n Cl ay  Count y or  i n c o u n t i e s  near  by.  That  
t e s t  was d r i l l e d  a l ong t h e  road i n t h e  Theesen Lagoon and 
t h e  l og i n d i c a t e s  a d i f f e r e n t  g e o l o g i c  s e c t i o n  f r om t h a t  
d e s c r i  bed a b o v e .
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T h i r t y - s e v e n  f e e t  of  c l a y s  and c l a y e y  s i l t s  l y i n g  
d i r e c t l y  above sand and g r a v e l  wer e d r i l l e d  in t h e  Theesen  
Lagoon d e p r e s s i o n .  The Gi l man Canyon and o l d e r  L o v e l a n d ,  
Beaver  Cr e e k ,  or  G r a f t o n  f o r m a t i o n s  wer e not  r e c o g n i z e d  in 
t h e  sampl es .  The sand g r a v e l  may be a p a r t  of  e i t h e r  t h e  
Beaver  Creek or  G r a f t o n  sampl es .  The f u l l  t h i c k n e s s  of  
c l a y s  and c l a y e y  s i l t s  may r e p r e s e n t  a P e o r i a  Loess e q u i v a ­
l e n t  pl us younger  s e d i me n t .  E r o s i o n  has exposed sand on t he  
n o r t h - f a c i n g  s l o p e  of  t he  r i d g e  on t he  sout h s i d e  of  
Theesen Lagoon.  Whet her  t h e  sand occur s  as a l ens or  as a 
cor e  i s  not  know.  From t he  e v i de n c e  at  hand,  i t  woul d  
appear  t h a t  wi nd l i f t e d  m a t e r i a l s  out  of  t he  a r e a  now c a l l e d  
Theesen Lagoon and d e p o s i t e d  t h os e  m a t e r i a l s  on t h e  l e e  
s i d e - - t h u s  f o r mi n g  a r i d g e .  However ,  t he  sand,  be i ng  a 
h e a v i e r  m a t e r i a l ,  was t r a n s p o r t e d  o n l y  t o t he  nor t h  f a c e  of  
t h e  r i d g e .  A suspe c t e d  o r i g i n  of  t he  sand on t h e  r i d g e  i s  
f r om d e p o s i t s  once u n d e r l y i n g  Theesen Lagoon.  Subsequent  t o  
t h e  c r e a t i o n  of  t he  d e p r e s s i o n  by d e f l a t i o n  or  o t h e r  means,  
dust  and s i l t s  and c l a y s  washi ng i n f r om s u r r o u n d i n g  l ands  
f i l l e d  Theesen Lagoon t o  i t s  p r e s e n t  d e p t h .
The s c e n a r i o  d e s c r i b e d  above f o r  Theesen Lagoon may be 
a p p l i c a b l e  t o  o t h e r  d e p r e s s i o n s  i n Cl ay  Count y .  One way t o  
t e s t  t h e  d e f l a t i o n  t h e o r y  woul d be t o see i f  any o t h e r  
r i d g e s  have sand on t h e i r  nor t h  and west  s i d e s .  T e s t i n g  
r i d g e s  f o r  sand may be done by a v a r i e t y  of  met hods;  
however ,  c o 1 o r - i n f r a r e d  a e r i a l  phot o gr a phy  may pr ove u s e f u l .
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Figure 25. Aerial co lo r - in fra red  photograph of the ridge on the 
south and east sides McMurtrey Marsh, Clay County.
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F i g u r e  25 i s an a e r i a l  col  o r - i n f r a r e d  ( CI R)  of  t he  r i d g e  on 
t h e  sout h and ea s t  s i d e s  of  McMur t r y  March ( S e c t i o n  28 ,  
Townshi p 7 - N o r t h ,  Range 7 - W e s t ) .  The ar r ows p o i n t  t o  
l i g h t e r  t one s  a l ong t h e  r i d g e .  I t  i s  suspect ed t h a t  t he  
l i g h t e r  t ones  ar e  due t o  t he  pr e s e nc e  of  sand i n t h e  r i d g e - -  
sand be i ng more r e f l e c t i v e  of  i n f r a r e d  r a d i a t i o n  t han  t h e  
s u r r o u n d i n g  s o i l  or  v e g e t a t i o n  i n t h e  a r e a .  I f  t he  l i g h t e r  
t ones  on F i g u r e  25 ar e  due t o  t he  p r es enc e  of  sand i n t h e  
r i d g e ,  CIR may pr ove  t o  be u s e f u l  i n f u r t h e r  a n a l y s e s  of  t he  
r i  d g e s .
P o o r l y  Dr a i n e d  S o i l s  and De pr e s s i o ns
Map 2 (map p o c k e t )  was compi l ed  f rom t h e  1981 S o i 1 
Sur vey of  Cl ay  Count y ,  Nebr aska  and r e g i s t e r e d  t o  an o v e r l a y  
of  t he  d e p r e s s i o n  map of  Cl ay  Count y .  T h i s  map shows t h e  
r e l a t i o n s h i p  bet ween d e p r e s s i o n  l o c a t i o n  ( as d e p i c t e d  on t h e  
7 ^ - mi n u t e  t o p o g r a p h i c  maps)  and t h e  o c c u r r e n c e  of  t he  
p o o r l y  d r a i n e d  s o i l s  . ( B u t l e r ,  F i l l m o r e ,  S c o t t ,  and 
Massi e  s i l t  l o a ms ) .  Each s o i l  t y p e  i s d i s c u s s e d  s e p a r a t e l y  
c o n c e r n i n g  t h e  r e l a t i o n s h i p  of  d e p r e s s i o n s  and t h e  s p e c i f i c  
s o i l .
But  1er  s i l t  1oam
From Map 2 i t  can be a s c e r t a i n e d  t h a t  t h e  B u t l e r  s i l t  
l oam occur s  w i d e l y  ov e r  Cl a y  Count y .  When t h e  B u t l e r  s o i l
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i s  f ound i n a s s o c i a t i o n  w i t h  t he  d e p r e s s i o n s ,  i t  u s u a l l y  
occur s  i n l i n e a r  or  c u r v i l i n e a r  s t r a n d s .  However ,  not  a l l  
of  t he  d e p r e s s i o n s  of  Cl ay  County possess t h e  B u t l e r  s o i l .  
Some of  t he  br eached ba s i ns  d i s p l a y  e x t e n s i v e  a r eas  of  
B u t l e r  s o i l ,  b u t ,  a g a i n ,  not  a l l  br eached b a s i n s .  The 
B u t l e r  s i l t  loam i s not  a good i n d i c a t o r  of  t h e  a b s o l u t e  
l o c a t i o n ,  or  a r e a l  e x t e n t  of  d e p r e s s i o n s  i n Cl ay  Count y .
F i 11 more s i l t  1oam
L i k e  t h e  B u t l e r  s o i l ,  t h e  F i l l m o r e  can be f ound  
t h r o u g h o u t  Cl ay  Cou nt y ,  but  i t  does not  occur  as o f t e n  as 
t h e  B u t l e r  nor  i s  i t  as e x t e n s i v e  i n a r e a l  e x t e n t .  F i l l m o r e  
s o i l s  can be f o u n d ,  on o c c a s i o n ,  i n d e p r e s s i o n s  o c c u r r i n g  i n  
l i n e a r  or  c u v i l i n e a r  p a t t e r n s .  The F i l l m o r e  s o i l  does not  
i n d i c a t e  t h e  a r e a l  e x t e n t  or  a b s o l u t e  l o c a t i o n  or  d e p r e s s i o n s  
i n Cl ay  Count y .
S c o t t  s i l t  loam
The S c o t t  s i l t  loam i s t r u l y  a d e p r e s s i o n a l  s o i l ,  
o c c u r r i n g  i n mar she s ,  ponds,  s t r eam bo t t o ms ,  and t h e  l i k e .  
However ,  not  a l l  d e p r e s s i o n s  i n  Cl ay  Count y d i s p l a y  a Sc o t t  
s i l t  l oam.  Where t h e  S c o t t  s o i l  does appear  i n c o n j u n c t i o n  
w i t h  a d e p r e s s i o n ,  t h e  s o i l  may occupy a l a r g e  p a r t  of  t he  
d e p r e s s i o n  or  o n l y  be f ound i n a smal l  p a r t  of  t he  d e p r e s ­
s i o n .  T h e r e f o r e ,  t he  S c o t t  s i l t  loam cannot  be used by 
i t s e l f  t o  i n d i c a t e  t h e  a r e a l  e x t e n t  of  a d e p r e s s i o n .
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Massi  e s i l t  1oam
The Ma ss i e  s i l t  l oam,  l i k e  t h e  S c o t t ,  i s  a t r u e  
d e p r e s s i o n a l  s o i l .  Bu t ,  a g a i n ,  not  a l l  of  t he  d e p r e s s i o n s  
e x h i b i t  a Mass i e  s o i l .  However ,  where t he  Ma ss i e  s o i l  does 
o c c u r ,  i t  n o r m a l l y  c over s  a r e l a t i v e l y  e x t e n s i v e  a r e a  w i t h i n  
t he  d e p r e s s i o n .  Because t h e  Ma ss i e  s o i l  does not  occur  i n 
a l l  d e p r e s s i o n s  i t  cannot  be used as a l o c a t i o n a l  d e v i c e  t o  
seek out  o t h e r  d e p r e s s i o n s .
Summary of t h e  P o o r l y  Dr a i ne d  S o i l s
The B u t l e r  and F i l l m o r e  s i l t  l oams occur  t h r o u g h o u t  
Cl ay  Cou nt y ,  w i t h  t h e  B u t l e r  o c c u r r i n g  most o f t e n  and more 
e x t e n s i v e l y .  Even t hough t h e s e  s o i l s  are c o n s i d e r e d  p o o r l y  
d r a i n e d ,  th e y  are  not good i n d i c a t o r s  of  d e p r e s s i o n  s i z e ,  
sh ape , or  1o c a t i  o n .
S c o t t  and Mass i e  s o i l s  a r e  t r u e  d e p r e s s i o n a l  s o i l s ,  
b u t ,  not  a l l  of  t he  d e p r e s s i o n s  e x h i b i t  t h e s e  s o i l s .  
T h e r e f o r e ,  t h e s e  s o i l s  cannot  be used t o a c c u r a t e l y  l o c a t e  
t h e  d e p r e s s i o n s  of  Cl ay  Cou nt y ,  nor  can t h e s e  s o i l s  be used 
t o  d e f i n e  t h e  a r e a l  e x t e n t  of  a d e p r e s s i o n .
I t  i s suggest ed  by Map 2 t h a t  t he  f o u r  p o o r l y  d r a i n e d  
s o i l s  under c o n s i d e r a t i o n  do not  a c c u r a t e l y ,  d e f i n e  t he  
s i z e ,  shape ,  or  a b s o l u t e  l o c a t i o n  of  a d e p r e s s i o n  when con­
s i d e r e d  e i t h e r  i n d i v i d u a l l y  or  i n c o n c e r t .  The B u t l e r ,  
F i l l m o r e ,  S c o t t ,  and Mass i e  s o i l s ,  when used i n c o n c e r t ,
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u s u a l l y  d e f i n e  t h e  r e l a t i v e  l o c a t i o n  of  a d e p r e s s i o n ,  but  
not  i t s  s i z e  or  shape.
S t a t i s t i c a l  A n a l y s i s
Four s t a t i s t i c a l  (SPSS)  a l g o r i t h m s  were u t i l i z e d  t o :  
i )  p r o v i d e  a nu me r i c a l  d e s c r i p t i o n  of  t he  p h y s i c a l  a t t r i b u ­
t e s  of  t he  d e p r e s s i o n s  and r i d g e s ;  i i )  e v a l u a t e  t he  r e l a ­
t i o n s h i p s  bet ween groups ( t h e  groups ar e  t h e  d e p r e s s i o n s  and 
r i d g e s  and t h e  r e l a t i o n s h i p s  r e f e r  t o  t he  pa r a me t e r s  w i t h i n  t h e  
g r o u p s ) ;  i i i )  d e t e r mi n e  i f  a r i d g e  p a r a m e t e r ' s  d i mens i ons  can 
be p r e d i c t e d  by one or  more of  t he  d e p r e s s i o n  p a r a m e t e r s ,  
and i f  so whi ch d e p r e s s i o n  p a r a m e t e r ( s )  i s / a r e  t h e  most  
i m p o r t a n t ;  and i v )  see i f  i t  i s  p o s s i b l e  t o  p r e d i c t  t h e  p r e ­
sence of  absence of  r i d g e  based upon t h e  p h y s i c a l  a t t r i b u t e s  
of  t he  d e p r e s s i o n s .
The f o u r  a l g o r i t h m s  employed i n t h e  s t a t i s t i c a l  a n a l y ­
s i s  ar e  SPSS CONDESCRI PTI VE, PEARSON CORR, REGRESSION,  and 
DI SCRI MI NANT.  These SPSS a l o r i t h m s  ar e  d e s c r i b e d  bel ow in 
c o n j u n c t i o n  w i t h  t h e  r e s u l t s .
D e s c r i p t i v e  s t a t i s t i c s
CONDESCRIPTIVE p r o v i d e s  t h e  r e s e a r c h e r  t h e  mean,  r a n g e ,  
maximum, mi ni mum,  e t c . ,  v a l u e s  of  t he  measur ement s r e c o r d e d  
per  pa r a me t e r  ( N i e ,  e t . a 1 . ;  1 9 7 0 ) .  A l l  pa r a me t e r s  f o r  t he  
r i d g e s  and d e p r e s s i o n s  wer e a n a l y z e d  and t h e  r e s u l t s  are  
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The depress i ons  are found to vary  q u i t e  s i g n i f i c a n t l y  
in s i z e ,  wi t h  t he  maximum recorded s i z e  being approximat  e l y  
2867 a c r e s ,  and t he  minimum 0 . 1  ac r es .  On t he  o t her  hand,  
the depth of  t he  depress i ons  does not e x h i b i t  a wide r ange ,  
and t he  s t andard d e v i a t i o n  i s  q u i t e  s ma l l .  The deepest  
depress i on is f i f t e e n  f e e t ,  but t he  mean depth is c l ose  to  
f i v e  and o n e - h a l f  f e e t .  The p e r i m e t e r ,  and l engths  of the  
major  and minor axes of  the depressi ons e x h i b i t  l a r g e  s t a n ­
dard d e v i a t i o n s .  These l a r g e  st andard d e v i a t i o n s  are t o  be 
expected because t he  p e r i m e t e r ,  and major  and minor  axes are  
r e l a t e d  t o  s ur f a c e  a r ea .  Volume of  the depressi ons is a l so  
q u i t e  v a r i a b l e ,  but i t ,  t o o ,  i s r e l a t e d  t o  s ur f ac e  a rea .
Azimuths of the major  and minor  axes were recorded and 
anal yzed to de t e r mi ne  whether  or not the depressi ons are  
o r i e n t e d  in a " p r e f e r r e d "  d i r e c t i o n .  When considered  
enmasse,  the depress i ons  show no dominant  d i r e c t i o n a l  b i a s .  
However,  when t he  azimuth paramet er  i s  anal yzed v i a  l i n e a r  
or m u l t i p l e  r e g r e s s i o n  wi t h  o t her  pa r a me t e r s ,  some 
i n t e r e s t i n g  r e l a t i o n s h i p s  occur .
The r i dges  do not show as g r e a t  a v a r i a b i l i t y  in terms  
of  s ur f ac e  area as do the d e p r e s s i o n s - - t h e  maximum s ur f a c e  
area being a p p r o x i ma t e 1y 654 a c r es ,  and t he  minimum being  
0 . 8  a c r e s .  Some r i d ge s  reach a he i g h t  of  f o r t y - f i v e  f e e t  
above t he  sur roundi ng p l a i n ,  but t he  average he i g h t  is only  
about  t went y  t h r e e  f e e t .  The azimuth of  the major  axes of  
t he  r i d ge s  a l so e x h i b i t s  l ess v a r i a b i l i t y  than do the
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depr e s s i ons .  The apparent  d i f f e r e n c e  in t he  v a r i a b i l i t y  of  
t he  r i d g e  and depr ess i on  azimuths (maj or  a x i s ) ,  p r oba b l y  is 
due to the manner in which d i f f e r i n g  landform processes  
a f f e c t  them.  The volume of the r i dges  a l so v a r i e s  g r e a t l y ,  
but on the average i s  1613 cubic  f e e t .  The r i d ge s  are found  
to be l oca t ed  anywhere f rom 177 f e e t  to 1667 f e e t  f rom the  
edge of the d e p r e s s i o n .  S i ze  of  the depress i ons  may a f f e c t  
t he  d i s t a n c e  between t he  depress i on and t he  r i d g e - -  a ga i n ,  
t he  depress i ons  were not  broken i n t o  s i z e  groups and s t a ­
t i s t i c a l l y  a na l y z e d .
C o r r e l a t i o n s  between depress i on parameters
The SPSS s u b r o u t i n e  PEARSON CORR ( N i e ,  e t . a 1 . ;  1970)  
is a s t a t i s t i c a l  a l g o r i t h m  which y i e l d s  a c o e f f i c i e n t  t h a t  
measures t he  s t r e n g t h  and d i r e c t i o n  of  the l i n e a r  r e l a ­
t i o n s h i p  between two v a r i a b l e s .
Tabl e  I I  i s  a summary of  the r ( c o r r e l a t i o n  c o e f ­
f i c i e n t s )  values between t he  var i ous  depress i on parame­
t e r s .  As might  be expec t e d ,  t h e r e  are r e l a t i v e l y  s t rong  
p o s i t i v e  r e l a t i o n s h i p s  between t he  v a r i a b l e s  r e l a t i n g  to  
s ur f ac e  area ( a r e a ,  p e r i m e t e r ,  l engt h  of  the major  and minor  
axes,  e t c . ) .  A s t rong p o s i t i v e  r e l a t i o n s h i p  i s  a lso seen to  
e x i s t  between t he  s u r f a c e  area of  the depress i on and i t s
dr a i nage  area ( 0 . 9 3 ) .  The c o e f f i c i e n t  of d e t e r m i n a t i o n  ( r2^ 
is c a l c u l a t e d  t o  be a p p r o x i ma t e l y  0 . 8 6  or 86%, meaning t h a t
86% of the v a r i a t i o n  in s u r f ac e  area of  the depressi ons can
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area .  The r and r^ can be taken to mean,  in t he  case of  
s ur f ace  area vs.  d r a i na g e  a r e a ,  t h a t  as t he  s ur f ac e  area of  
t he  depressi on becomes l a r g e r  i t s  d r a i nage  area is i n ­
creased;  t h i s  i s  what  one would expect  in a f l a t  area such 
as Clay County.
C o r r e l a t i o n s  between r i d g e  parameters
As was t he  case w i t h  the depress i on paramet er  c o r r e l a ­
t i o n s ,  the r i d g e  paramet ers  r e l a t i n g  to s u r f a c e  area are 
s t r o n g l y  c o r r e l a t e d  ( T a b l e  I I I ) .  The c o r r e l a t i o n  c o e f ­
f i c i e n t  f o r  s ur f ac e  area of  the r i d g e  versus t he  volume of  
t he  r i d g e  is  0 . 9 7 ,  and t he  c o e f f i c i e n t  of  d e t e r m i n a t i o n  is
0 . 9 4  (94%) .  The s ur f ac e  area of  the r i d g e  and r i d g e  volume 
are s t r o n g l y  r e l a t e d - - e v e n  more so than t he  comparable  
c o e f f i c i e n t s  c a l c u l a t e d  f o r  t he  dep r es s i o ns .  In t he  case of  
t he  r i d g e  s ur f a c e  area and volume c o r r e l a t i o n ,  i t  would seem 
t h a t  the f a c t o r s  a f f e c t i n g  the r i d g e  s u r f a c e  area have t he  
same a f f e c t  upon t he  r i d g e  volume;  i . e . ,  the l a r g e r  the  
r i d g e  becomes in terms of  i t s  sur f ac e  a r e a ,  the more i t s  
volume is i n c r e a s e d .  In t he  case of depress i on s ur f ac e  area  
versus depress i on volume,  the c o r r e l a t i o n  is not as s t rong  
as t h a t  f o r  comparable r i d g e  c o r r e l a t i o n s .  This "weaker"  
c o r r e l a t i o n  may be due to the inwashing to sediments i n t o  
t he  d e p r e s s i o n ,  thus weakening the r e l a t i o n s h i p  between 





















C o r r e l a t i o n s  between depress i on and r i d g e  parameters
Of the 120 depr ess i ons  anal yzed in t he  s t udy ,  on l y  51 
were found to have r i d g e s .  T h e r e f o r e ,  c o r r e l a t i o n s  between 
r i d g e  and depr ess i on  parameters  were per formed on l y  on those  
depressi ons having r i d g e s .  As pa r t  of t he  c o r r e l a t i o n  p r o ­
cess,  i t  was f e l t  t h a t  i t  would be usef ul  to de t ermi ne  i f  
s e l e c t e d  r i d g e  paramet ers  could be p r e d i c t e d  or e x p l a i n e d  by 
the depress i on par a me t e r s .  REGRESSION is  an SPSS m u l t i p l e  
r e g r e s s i o n  a l g o r i t h m  which enables t he  a n a l y s i s  of  r e l a ­
t i o n s h i p s  between a dependent  v a r i a b l e  and a set  of i ndepen­
dent v a r i a b l e s .  U n l i k e  t he  SPSS s ub r o ut i ne  PEARSON CORR, 
REGRESSION may be used as an i n f e r e n t i a l  ( p r e d i c t i v e )  t o o l  
(Kim and Kohout ,  1 9 7 0 ) .
Lune t t es  and r i d g e s  found on t he  south and east  s i des  
of some depress i ons  in Clay County,  are f e l t  to be g e n e t i ­
c a l l y  l i n k e d  t o  the d e p r e s s i o ns .  That  i s ,  some of  the r i d g e  
paramet ers  should be c o r r e l a t e d  t o  some depressi on parame­
t e r s .  Tab l e  IV l i s t s  t he  dependent  v a r i a b l e s ,  and t he  i n d e ­
pendent  v a r i a b l e s  t h a t  were used to e x p l a i n  them.
Sur f ace  area of  the r i dges  was used as a dependent  
v a r i a b l e ,  and depress i on s ur f a c e  a r e a ,  dr a i na ge  a r e a ,  and 
volume were used as independent  v a r i a b l e s  t h a t  might  e x p l a i n  
r i d g e  s ur f ac e  a r e a .  Tabl e  IV shows t h a t  of  a l l  t h r e e  i n d e ­
pendent  v a r i a b l e s ,  s u r f a c e  area of  the depressi ons is  the  
most i mpor t an t  p r e d i c t o r  of  r i d g e  sur f ac e  a r ea .  When 
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m u l t i p l e  r e g r e s s i o n  f o r m u l a ,  t he  r i s  i n c r e a s e d  f r om 0 . 7 9 5  
t o  o n l y  0 . 7 9 7  and t h e  p e r c e n t  of  v a r i a n c e  shared i s  r a i s e d  
f rom a p p r o x i m a t e l y  63 p e r c e n t  t o  64 p e r c e n t .  Ri dge volume  
t oo appears  t o  be best  e x p l a i n e d  by d e p r e s s i o n  s u r f a c e  
a r e a .
The h e i g h t  of  t he  r i d g e s  does not  c o r r e l a t e  w e l l  w i t h  
d e p r e s s i o n  s u r f a c e  a r e a ,  d e p t h ,  or  vol ume.  C o r r e l a t i o n s  
between r i d g e  h e i g h t  and o t h e r  d e p r e s s i o n  v a r i a b l e s  r e v e a l e d  
s i m i l a r  weak r e l a t i o n s h i p s .  Reasons f o r  t h e s e  weak r e l a ­
t i o n s h i p s  may be account ed f o r  by e r o s i o n a l  p r ocesses  
wo r k i ng  on t h e  r i d g e s ,  i nwa s h i ng  of  m a t e r i a l s  i n t o  t he  
d e p r e s s i o n s ,  or o t h e r  l a n d f o r m pr oc ess es  w o r k i n g  on t h e  
r i d g e s  and d e p r e s s i o n s .
One i m p o r t a n t  f i n d i n g  f rom t h e  REGRESSION a l g o r i t h m  is  
t h e  c o r r e l a t i o n  between t h e  d i s t a n c e  f rom r i d g e l i n e  t o  t he  
d e p r e s s i o n  and s e v e r a l  d e p r e s s i o n  p a r a m e t e r s .  The q u e s t i o n  
r a i s e d  here  i s - - W h a t  d e p r e s s i o n  p a r a me t e r  ( i f  any)  i s  a 
good p r e d i c t o r  of  t h e  d i s t a n c e  between t h e  d e p r e s s i o n  and 
t he  r i d g e  l i n e ?  S u r p r i s i n g l y ,  t h e  az i mut h  of  t h e  ma j or  a x i s  
of  t he  d e p r e s s i o n  i s  t h e  s t a t i s t i c a l  answer .  At  f i r s t  
g l a n c e ,  one q u e s t i o n s  t h e  r e l a t i o n s h i p  between az i mut h  and 
d i s t a n c e  between r i d g e  and d e p r e s s i o n .  However ,  a c l o s e r  
l ook r e v e a l s  t h a t ,  in g e n e r a l ,  as t h e  maj or  a x i s  of  t he  
d e p r e s s i o n  becomes l o n g e r ,  t h e  f u r t h e r  t h e  r i d g e l i n e  i s  f rom  
t h e  d e p r e s s i o n .  A look back at  F i g u r e  23 would seem to  
s u b s t a n t i a t e  t h e  az i mut h  -  d i s t a n c e  r e l a t i o n s h i p ;  and would
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tend t o  su ppor t  an e v o l u t i o n a r y  or d e v e l o p me n t a l  t h e o r y  
c o n c e r n i n g  t h e  d e p r e s s i o n s - - a s  t he  d e p r e s s i o n s  become 
l a r g e r ,  t he  az i mut hs  of  t he  ma j or  axes become s i m i l a r ,  
more m a t e r i a l  i s  t a k e n  f r om t he  d e p r e s s i o n  and d e p o s i t e d  
on t h e  r i d g e ,  t h e  r i d g e  e n l a r g e s  and i t s  c r e s t  becomes 
l o c a t e d  f u r t h e r  away f rom t h e  edge of  the d e p r e s s i o n .  
A d d i t i o n a l l y ,  f rom T a b l e  I V ,  we f i n d  t h a t  t h e  az i mut hs  
of  t he  maj or  axes of  t h e  d e p r e s s i o n s  and r i d g e s  are  
s t r o n g l y  c o r r e l a t e d  ( r  = 0 . 9 4 )  and t h a t  t he  d e p r e s s i o n  
az i mut h  s t r o n g l y  i n f l u e n c e s  t he  r i d g e  az i mut h ( r ^  = 0 . 8 9 ) .  
T h e r e f o r e ,  i t  i s  e v i d e n t  t h a t  t h e  d e p r e s s i o n s  a f f e c t  t h e  
c h a r a c t e r i s t i c s  of  t h e  r i d g e s ;  t h a t  i s ,  t h e  v a r i a n c e s  of  
t h e  d e p r e s s i o n  p a r a me t e r s  e x p l a i n  t h e  v a r i a n c e s  i n most  
r i d g e  p a r a m e t e r s .
D i s c r i m i n a n t  a n a l y s i s
E a r l i e r  a q u e s t i o n  was r a i s e d  c o n c e r n i n g  t h e  pr es enc e  
or  absence of  a r i d g e  based upon t h e  p h y s i c a l  a t t r i b u t e s  of  
a d e p r e s s i o n .  More p r e c i s e l y  s t a t e d ,  can t h e  d e p r e s s i o n s  be 
c o r r e c t l y  p l a ce d  i n t o  a r i d g e - p r e s e n t  or  r i d g e - a b s e n t  c a t e ­
gory based s o l e l y  upon t h e  d e p r e s s i o n  p a r a m e t e r s .  
DI SCRI MINANT,  an SPSS d i s c r i m i n a n t  a n a l y s i s  p r o c e d u r e ,  was 
employed t o  d e t e r m i n e  i f  t he  above ment i oned  q u e s t i o n  can be 
a n s w e r e d .
D i s c r i m i n a n t  a n a l y s i s  i s  a s t a t i s t i c a l  t e c h n i q u e  which  
i s  used t o  d i s t i n g u i s h  between two or more groups of  cases .  
In o r d e r  t o  d i s t i n g u i s h  between t h e  g r oups ,  a c o l l e c t i o n  of
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d i s c r i m i n a t i n g  v a r i a b l e s  d e v e l o p e d ,  each me a sur i ng  c h a r a c ­
t e r i s t i c s  on which t h e  groups ar e  e x pe c t ed  t o  d i f f e r .  "The  
m a t h e m a t i c a l  o b j e c t i v e  of  d i s c r i m i n a n t  a n a l y s i s  i s  t o  w e i g h t  
and l i n e a r l y  combine t h e  d i s c r i m i n a t i n g  v a r i a b l e s  i n some 
f a s h i o n  so t h a t  t he  groups are  f o r c e d  t o  be as s t a t i s t i c a l l y  
d i s t i n c t  as p o s s i b l e "  ( K l e c k a ,  1 9 7 5 ) .  The p r e s e n t  s t udy  
employs two groups ( r i d g e  a b s e n t ,  r i d g e  p r e s e n t )  f o r  t h e  
DISCRIMINANT a l g o r i t h m ,  and t h e  d i s c r i m i n a t i n g  v a r i a b l e s  are  
t h e  d e p r e s s i o n  p a r a m e t e r s .  T h e r e f o r e ,  t h e  d e p r e s s i o n s  are  
t o  be p l a ce d  i n t o  one of  t he  two r i d g e  groups based upon t h e  
p h y s i c a l  p a r a me t e r s  of  t he  d e p r e s s i o n s .
The s t a n d a r d i z e d  c a n o n i c a l  d i s c r i m i n a n t  f u n c t i o n  c o e f ­
f i c i e n t s  l i s t e d  in T a b l e  V show t h e  r e l a t i v e  i m p o r t a n c e  
( i g n o r i n g  t h e  s i g n s )  of  t he  d i s c r i m i n a t i n g  v a r i a b l e s .  
D e p r e s s i o n  s u r f a c e  a r e a ,  and l e n g t h  of  t he  ma j o r  and mi nor  
axes f i g u r e  p r o m i n a n t l y  in t h e  d i s c r i m i n a n t  f u n c t i o n .  
DISCRIMINANT was more a c c u r a t e  at  d e t e c t i n g  d e p r e s s i o n s  
w i t h o u t  r i d g e s  ( c l a s s i f i c a t i o n  ac cur ac y  or 89 . 9%)  t ha n  t h o s e  
t h a t  possess r i d g e s  ( 6 8 . 6 % ) .  However ,  t h e  DISCRIMINANT  
r o u t i n e  a c h i e v ed  an o v e r a l l  c l a s s i f i c a t i o n  of  a l most  81 p e r ­
c e n t .  The r e l a t i v e l y  good c l a s s i f i c a t i o n  r e s u l t s  of  
DISCRIMINANT i n d i c a t e  t h a t  t he  r i d g e s  and d e p r e s s i o n s  are  
genet  i c a l l y  1 i n k e d .
Summary of  t he  C a r t o g r a p h i c  
and S t a t i s t i c a l  A n a l y s i s












































































C\J 0 0  i—l O O l f i d - C O H
co*±»—i co oo c\j oo co
O O C h N O C O f O O O N
CO CO d -  d -  r H  i n  VO CVJ < o
h n i—i wocni—
•  • • • • • • • •
f - H O O O O O O O O  I I I I I
CO
4 - CD CO
CD r— S -
XJ -O CD co co
co 4-5 •r— • r — CO CO
CO • r — CD X X •r— •r—
C L s_ E cO cO X X
3 CO cO CO CO
O > S- S. S-s- cO o o S. s_
CD OJO. •«-> £ o o£ CO •r— ••“ 5 £
•i— £ E E CO •p—
4-5 O E E
CO CD CD£ CO . £ . £ CD CD CO
* r — CO CO 4-5 4-> -£ .£ CD
EECD CD 4 -> 4-> £
£ J - 4 — 4 - CO
i - Q . cO s- O 0  4 - 4 -
O CD CD O O CD
COO CD 4-> J £ .£ cn•i— C J CD 4-> 4-> _£ sz co CDO CO -c E 3 3 4-» 4-5 £ E
4 — 4-5 ■«- E E C D cn• f— 3
S- Q . J - • r — • r— £ £ CO
3 CD CD fsl N CD CD s- o












- O • •
*=c r —1 cn
CO 0 0
CD • w ' C Ocn •
X J CO <\J o






























CD CO T—C (J
S- • • CD
Q_ CO o S-
CO ¥—4 i -
CD v-p o
cn














both c a r t o g r a p h i c a l l y  and s t a t i s t i c a l l y .  I t  was d i s c o v e r e d  
t h a t  of  t he  120 d e p r e s s i o n s  a n a l y z e d ,  f i f t y  one d i s p l a y e d  a 
r i d g e  or  l u n e t t e  i n c l o s e  p r o x i m i t y .  M o r e o v e r ,  t h e s e  r i d g e s  
are  c o n s i s t e n t l y  l o c a t e d  on t h e  south and e a s t  s i de s  of  t he  
d e p r e s s i o n s .
When c o n s i d e r e d  enmasse,  t h e  d e p r e s s i o n s  m a n i f e s t  a 
l i n e a r  t r e n d  t h a t  runs a l ong a d i a g o n a l  l i n e  f r om n o r t h we s t  
t o  s o u t h e a s t  across  C l a y  Count y .  I t  i s  not  unde r s t ood  at  
p r e s e n t  what  mechanism i s  r e s p o n s i b l e  f o r  t h i s  t r e n d .  The 
l a r g e r  d e p r e s s i o n s  e x h i b i t  a p r e f e r r e d  o r i e n t a t i o n  of  t he  
maj or  a x i s ,  y e t  t h e  s m a l l e r  ones d i s p l a y  a random o r i e n ­
t a t i o n .
S u r f a c e  a r ea  of  t he  d e p r e s s i o n s  i s  q u i t e  v a r i a b l e ,  w i t h  
t h e  s m a l l e s t  one measured at  0 . 1  acres  and t h e  l a r g e s t
2 8 6 6 . 9  a c r e s .  The d e p t h ,  however ,  i s  not  as v a r i a b l e ,  w i t h  a 
r ange of  o n l y  a l i t t l e  ov e r  t w e l v e  f e e t .  On t h e  o t h e r  hand,  
t h e  s u r f a c e  a r ea  of  t h e  r i d g e s  i s  not  as v a r i a b l e  as i t  was 
f o r  t h e  d e p r e s s i o n s .  However ,  t h e  h e i g h t  of  t he  r i d g e s  has 
a range of  a l most  f o r t y  t h r e e  f e e t .
The SPSS a l g o r i t h m  REGRESSION r e v e a l e d  some i n t e r e s t i n g  
r e l a t i o n s h i p s  between s e l e c t e d  r i d g e  ( d e p e n d e n t )  and 
d e p r e s s i o n  ( i n d e p e n d e n t )  v a r i a b l e s :  i )  t h e  s u r f a c e
ar ea  of  t he  r i d g e s  i s  r e l a t i v e l y  s t r o n g l y  c o r r e l a t e d  w i t h  
t h e  s u r f a c e  a r ea  of  t h e  d e p r e s s i o n s ,  w i t h  t h e  r^ v a l u e  r e v e a l ­
i ng t h a t  s i x t y  t h r e e  p e r c e n t  of  t he  v a r i a t i o n  i n  t h e  s u r f a c e  
a r e a  of  t h e  r i d g e s  i s  e x p l a i n e d  by t h e  s u r f a c e  a r e a  of  t he
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d e p r e s s i o n s ;  i i )  t h e  volume of  t he  r i d g e s  i s  most s i g n i f i ­
c a n t l y  a f f e c t e d  by t h e  s u r f a c e  a r ea  of  t he  d e p r e s s i o n s ;  
and i i i )  i t  i s  r e v e a l e d  t h a t  as az i mut h of  t he  maj or  ax i s  
of  t he  d e p r e s s i o n  i n c r e a s e s ,  t he  f u r t h e r  t h e  r i d g e l i n e  i s  
f rom t he  d e p r e s s i o n .  Gi ven t h e  above r e l a t i o n s h i p s  f r om t he  
REGRESSION r o u t i n e ,  i t  would appear  t h a t  t he  p r es enc e  and 
c o n d i t i o n  of  t he  r i d g e s  i s  dependent  upon t h e  pr es enc e  and 
c o n d i t i o n  of  t he  d e p r e s s i o n s .  DISCRIMINANT appears  t o  sup­
p o r t  t h i s  h y p o t h e s i s ,  because t h e  d e p r e s s i o n s  were p l aced  
i n t o  one of  two groups ( r i d g e - a b s e n t  or r i d g e - p r e s e n t )  based  
s o l e l y  upon t h e  d e p r e s s i o n  p a r a me t e r s  w i t h  an ac c ur ac y  of  




The p r e s e n t  s t udy  was u n d e r t a k e n  t o :  i )  pool  t h e
e x i s t i n g  knowl edge c o n c e r n i n g  t h e  r a i n b a s i n  a r ea  i n t o  one 
document ,  i i )  d e s c r i b e  t h e  p h y s i c a l  a t t r i b u t e s  of  t he  
d e p r e s s i o n s ,  i i i )  d e s c r i b e  t h e  ge o g r a p h i c  d i s t r i b u t i o n  and 
p a t t e r n s  of  t he  d e p r e s s i o n s ,  and i v )  make s u g g e s t i o n s  as t o  
how t h e  d e p r e s s i o n s  of  C l ay  County may have o r i g i n a t e d .
Dur i ng  t h e  1 i t e r a t u r e - s e a r c h  phase of  t he  p r o j e c t  i t  
was d i s c o v e r e d  t h a t  l i t t l e  m a t e r i a l  e x p l i c i t l y  c o n c e r n i n g  
t h e  r a i n b a s i n  a r ea  of  Nebraska  e x i s t s .  However ,  some 
l i t e r a t u r e  d e s c r i b i n g  t h e  e x i s t e n c e  of  d e p r e s s i o n s  i n a p o r ­
t i o n  of  t he  C e n t r a l  Loess P l a i n s - - t h e  r a i n b a s i n  a r e a - - w a s  
l o c a t e d  ( C o n d r a ,  1 9 06 ,  1936 ;  Reed and D r e e s z e n ,  1 9 5 9 ) .  In 
r e c e n t  y e a r s ,  t he  r a i n b a s i n  a r ea  has a t t r a c t e d  some a t t e n t i o n  
under  t h e  theme of  w e t l a n d  h a b i t a t  e v a l u a t i o n  and enumera­
t i o n  ( M c M u r t r e y ,  C r a i g ,  S c h i l d ma n ,  1972;  Denney,  1982;
F a r r a r ,  1982;  W a l t e r  and B u c k w a l t e r ,  1 9 8 2 ) .  However ,  ve r y  
l i t t l e  i n f o r m a t i o n  d i r e c t l y  c o n c e r n i n g  t he  p h y s i c a l  a t t r i ­
but es  and c h a r a c t e r i s t i c s  of  t he  d e p r e s s i o n s  i s  a v a i l a b l e .
The 1927 and 1981 s o i l  s u r v eys  f o r  Cl ay  Count y ,  t h e  s t udy  
s i t e ,  y i e l d  l i t t l e  d a t a  r e g a r d i n g  t h e  d e p r e s s i o n s  except  f o r
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t he  s o i l s  t h a t  have been g e n e r a l l y  a s s o c i a t e d  w i t h  t h e  
d e p r e s s i o n s .  N e v e r t h e l e s s ,  i t  was d i s c o v e r e d  t h a t  t he  s o i l  
t y pes  a s s o c i a t e d  w i t h  d e p r e s s i o n s  were not  a l ways i n d i c a t i v e  
of  a d e p r e s s i o n ' s  a r e a l  e x t e n t  or  a b s o l u t e  l o c a t i o n .
Ra t he r ,  t he  s o i l s  i n f o r m a t i o n  t e l l s  the i n v e s t i g a t o r  where  
to look f i r s t  f o r  t he  occur rence of depr ess i ons .
T o p o g r a p h i c  maps of  t he  7 i - m i n u t e  s e r i e s  were f ound to  
be most u s e f u l  in d e f i n i n g  t h e  l o c a t i o n  and a r e a l  e x t e n t  of  
t h e  d e p r e s s i o n s  i n C l ay  Count y .  From t he  t o p o g r a p h i c  maps,  
two i m p o r t a n t  l an df or ms  were n o t i c e d  t h a t  were i n c l u d e d  in  
t he  a n a l y s i s  of  t he  d e p r e s s i o n s - - r i d g e s  ( l u n e t t e s )  and 
breached b a s i n s .  The l u n e t t e s  are  c r e s c e n t - s h a p e d  r i d g e s  
found on t h e  south and e a s t  s i de s  of  f i f t y  one of  t he  120 
d e p r e s s i o n s  s t u d i e d .  Breached ba s i ns  are  s i m i l a r  t o  
d e p r e s s i o n s  i n  e v e r y  r e s p e c t  except  t h a t  t hey  e x h i b i t  e x t e r ­
nal  d r a i n a g e .  Once t h e  d e p r e s s i o n s ,  breached b a s i n s ,  and 
r i d g e s  were d e l i n e a t e d  on t h e  7 i - m i n u t e  q u a d r a n g l e s ,  a 
s i n g l e  composi t e  map was made of  t h e s e  t h r e e  l a n d f o r m s .
From t h e  composi t e  map,  s e v e r a l  i n t e r e s t i n g  f e a t u r e s  are  
n o t i c e d :  i )  r i d g e s  ar e  c o n s i s t e n t l y  found on t h e  south and
e a s t  s i de s  of  some of  t he  d e p r e s s i o n s  and breached b a s i n s ;  
i i )  a r a t h e r  s t r i k i n g  l i n e a r  t r e n d  of  d e p r e s s i o n s  can be 
seen e x t e n d i n g  d i a g o n a l l y  f rom t he  no r t h  west  c o r n e r  t o  t he  
s o u t h e a s t  c o r n e r  of  Cl ay  County;  i i i )  t h e  l a r g e r  d e p r e s s i o n s  
t end t o  be e l l i p t i c a l  in shape ,  w h i l e  t h e  s m a l l e r  d e p r e s s i o n s  
have v a r i e d  shapes;  and i v )  t h e  l a r g e r  d e p r e s s i o n s '  maj or
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axes ar e  l i n e d  up a l ong a s i m i l a r  a z i mu t h ;  t h e  s m a l l e r  
d e p r e s s i o n s  show no d i r e c t i o n a l  b i a s .
S t a t i s t i c a l  a n a l y s i s  of  t he  d e p r e s s i o n s  r e v e a l e d  t h a t  
t h e  s u r f a c e  a r e a  of  t h e  d e p r e s s i o n s  i s  q u i t e  v a r i a b l e .  The 
l a r g e s t  d e p r e s s i o n  was measured t o  have a s u r f a c e  a r ea  of
2 8 6 6 . 9  a c r e s ,  t h e  s m a l l e s t  was measured at  0 . 1  a c r e s .  The 
dept h of  t he  d e p r e s s i o n s  was f a i r l y  u n i f o r m  w i t h  a range of  
o n l y  t w e l v e  f e e t .  A d d i t i o n a l l y ,  s t a t i s t i c a l  a n a l y s i s  of  t he  
r i d g e s  show t h a t  t h e  s u r f a c e  a r e a  of  t he  r i d g e s  i s  not  as 
v a r i a b l e  as i t  i s  f o r  t h e  d e p r e s s i o n s .  However ,  t h e  h e i g h t  
of  t h e  r i d g e s  ranges a l most  f o r t y  t h r e e  f e e t .
Because t h e  r i d g e s  were t h o ug ht  t o  be l i n k e d  t o  t he
d e p r e s s i o n s ,  two s t a t i s t i c a l  r o u t i n e s  (REGRESSION and
DISCRI MINANT)  were employed t o  a n a l y z e  t h e  r e l a t i o n s h i p s  
between s e l e c t e d  r i d g e  and d e p r e s s i o n  p a r a m e t e r s ,  and t o
d e t e r m i n e  i f  t h e  d e p r e s s i o n s  coul d be p l ace d  i n t o  a r i d g e -
absent  or  r i d g e - p r e s e n t  group based s o l e l y  upon t h e  
d e p r e s s i o n  p a r a m e t e r s .  The SPSS a l g o r i t h m  REGRESSION 
r e v e a l e d  t h a t  t he  s u r f a c e  a r e a  of  t he  r i d g e s  was s t r o n g l y  
c o r r e l a t e d  w i t h  t h e  s u r f a c e  a r ea  of  t he  d e p r e s s i o n s .  The 
r^ v a l u e  f o r  t h e  r i d g e  s u r f a c e  a r e a - d e p r e s s i o n  s u r f a c e  ar ea  
r e l a t i o n s h i p  r e v e a l s  t h a t  s i x t y  t h r e e  p e r c e n t  of  t he  
v a r i a t i o n  i n  t h e  s u r f a c e  a r e a  of  t he  r i d g e s  i s  e x p l a i n e d  by 
t h e  s u r f a c e  a r e a  of  t he  d e p r e s s i o n s .  An i n t e r e s t i n g  
r e l a t i o n s h i p  between t h e  az i mut h  of  t he  maj or  a x i s  of  t he  
d e p r e s s i o n  and t h e  d i s t a n c e  f rom t he  r i d g e l i n e  t o  t he  
d e p r e s s i o n  a l s o  became a p p a r e n t .  The r a t h e r  h i gh c o r r e l a ­
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t i o n  c o e f f i c i e n t  r e v e a l s  t h a t  as t h e  az i mut h of  t h e  maj or  
a x i s  of  t he  d e p r e s s i o n  i n c r e a s e s ,  t he  f u r t h e r  t h e  r i d g e l i n e  
becomes f r om t h e  edge of  t he  d e p r e s s i o n .  The REGRESSION 
r o u t i n e  r e v e a l s  t h a t  t h e  " c o n d i t i o n "  of  t he  r i d g e s  are  
dependent  upon t h e  c o n d i t i o n  of  t he  d e p r e s s i o n s .
DISCRIMINANT appears  t o  suppor t  t h e  h y p o t h e s i s  t h a t  t he  
r i d g e s  are  g e n e t i c a l l y  l i n k e d  t o  t he  d e p r e s s i o n s .  The sup­
p o r t  of  t h i s  t h e o r y  i s  suggest ed by t h e  f a c t  t h a t  e i g h t y  
t h r e e  p e r c e n t  of  t h e  t i m e  DISCRIMINANT c o r r e c t l y  p l a c e d  t h e  
d e p r e s s i o n s  i n t o  t he  r i d g e - p r e s e n t  or  r i d g e - a b s e n t  c a t e g o r y  
based s o l e l y  upon t h e  d e p r e s s i o n  p a r a m e t e r s .
The c a r t o g r a p h i c  and s t a t i s t i c a l  a n a l y s i s  suggest  t h a t  
t h e  r i d g e s  ( t h e i r  p r es ence  and c o n d i t i o n )  i s  h i g h l y  depen­
dent  upon t h e  p r es ence  and c o n d i t i o n  of  t h e  d e p r e s s i o n s .
N e v e r t h e l e s s ,  i t  i s  d i f f i c u l t  to say what  f o r c e ( s )  
i s / a r e  r e s p o n s i b l e  f o r  d e p r e s s i o n  ge nes i s  in C l ay  Count y .
The REGRESSION and DISCRIMINANT a n a l y s i s ,  coupl ed w i t h  t he  
Theesen Lagoon exampl e ,  seem t o suggest  t h a t  t he  d e p r e s s i o n s  
owe t h e i r  e x i s t e n c e  t o  t h e  w i n d .  The c a r t o g r a p h i c  a n a l y s i s  
would a l s o  appear  t o  s uppor t  t he  t h e o r y  of  d e p r e s s i o n  o r i g i n  
by d e f l a t i o n .  However ,  i t  i s  e n t i r e l y  p o s s i b l e  t h a t  t he  
r i d g e s  may have been formed s u b s e q u e n t l y  to d e p r e s s i o n  
d e v e l o p m e n t - - t h a t  i s  t o  say t h a t  t he  d e p r e s s i o n s  were formed  
by some o t h e r  means and t h a t  t he  m a t e r i a l s  making up t h e  
r i d g e  are  not  r e l a t e d  t o  d e p r e s s i o n  s e d i me n t s .
A p u z z l i n g  q u e s t i o n  a r i s e s  c o n c e r n i n g  t h e  l i n e a r  t r e n d
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of  d e p r e s s i o n s  across C l ay  Count y .  Namel y ,  what  has caused 
t h i s  t r e n d ?  I t  i s  p o s s i b l e  t h a t  t h i s  t r e n d  i s  s t r u c t u r a l l y  
c o n t r o l l e d .  In o r d e r  t o  d e t e r m i n e  i f  s t r u c t u r e  i s  r e s p o n ­
s i b l e  f o r  t he  l i n e a r  t r e n d  a s e r i e s  of  g e o l o g i c  samples w i l l  
have t o  be t a k e n .  Wind may be a n o t h e r  f o r c e  t h a t  i s  r e s p o n ­
s i b l e  i n  p r o d u c i n g  t h e  a l i g n m e n t .  However ,  i t  i s  d i f f i c u l t  
t o  say how t he  wind may have been channel ed in such a way as 
t o  cause t h i s  r a t h e r  s t r i k i n g  t r e n d .  A s t udy  of  t he  
geomorphol ogy and geol ogy  of  t h e  Cl ay  County a r ea  seems t o  
be i n o r d e r  i n  a nswe r i ng  t h e  q u e s t i o n  of  how t he  wind mi ght  
have been channe l ed  t o  pr oduce t h i s  a l i g n me n t  of  d e p r e s ­
s i o n s .  Wat er  shoul d a l s o  be c o n s i d e r e d  as a p o s s i b l e  agent  
in e f f e c t i n g  d e p r e s s i o n  deve l opment  a l ong t h e  l i n e a r  t r e n d .  
These d e p r e s s i o n s  may have been p a r t  of  an i n t e r c o n n e c t e d ,  
o p e n - l a k e  system which was once p a r t  of  an o l d  r i v e r  system.  
D r i l l i n g  t h r o ugh  s e v e r a l  of  t he  d e p r e s s i o n s  mi ght  e na b l e  
i n v e s t i g a t o r s  t o  d e t e r m i n e  i f  t h e  d e p r e s s i o n s  were c r e a t e d  
by f l u v i a l  syst ems.  Ther e  a r e  many q u e s t i o n s  y e t  t o  be 
answered c o n c e r n i n g  d e p r e s s i o n  deve l opment  i n C l ay  Count y .
The p r e s e n t  r e s e a r c h  was not  i n t e n d e d  t o  pr ove  c o n c l u ­
s i v e l y  which p r o c e s s ( e s )  i s / a r e  r e s p o n s i b l e  i n f o r m i n g  t h e  
de p r e s s i o n s  of  C l ay  Count y .  However ,  i t  can be s t a t e d  
t h a t ,  at  t he  v e r y  l e a s t ,  wind p l a ye d  a maj or  r o l e  in  
d e p r e s s i o n  m o d i f i c a t i o n ,  and t h a t  t he  r i d g e s  ( l u n e t t e s )  are  
g e n e t i c a l l y  l i n k e d  t o  t h e  d e p r e s s i o n s .  F u t u r e  a n a l y s i s  of  
t h e  d e p r e s s i o n s  and r i d g e s  mi ght  i n c l u d e :
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1.  Te s t  ho l es  d r i l l e d  t h r o ugh  a d e p r e s s i o n  and i t s  
a s s o c i a t e d  r i d g e  w i t h  subsequent  l ab a n a l y s i s  f o r  
t h e  purpose of  compar i ng t h e  core  sampl es .  Th i s  
shoul d p r o v i d e  a b e t t e r  i n d i c a t i o n  of  what  m a t e r i ­
a l s  t r u l y  make up t h e  r i d g e  and whe t he r  or not  
t h e y  are  r e l a t e d  t o  t he  d e p r e s s i o n  d e p o s i t s .
2.  A n a l y s i s  of  p o l l e n  i n t h e  l u n e t t e s  and d e p r e s s i o n s  
may r e v e a l  t h e  c l i m a t e  c o n d i t i o n s  p r e v a i l i n g  d u r i n g  
f o r m a t i o n .
3.  Mapping t h e  d e p r e s s i o n s  and r i d g e s  i n t h e  r e m a i n i n g  
R a i n b a s i n  c o u n t i e s  shoul d e l u c i d a t e  t h e  t r e n d s  and 
d i s t r i b u t i o n s  of  t he  w i d e r  r e g i o n .
4.  D e t a i l e d  geomorphi c  a n a l y s i s  of  both t he  c l osed  and 
breached d e p r e s s i o n s ,  and t h e  l u n e t t e s  i s  needed.
The r a i n b a s i n  a r ea  o f f e r s  r e s e a r c h  o p p o r t u n i t i e s  t o  
g e o l o g i s t s ,  g e o g r a p h e r s ,  geomorpho1o g i s t s , c l i m a t o l o g i s t s ,  
p e d o l o g i s t s ,  as w e l l  as many o t h e r s .  I n d e e d ,  i t  i s  
suggested t h a t  t h e s e  v a r i o u s  groups u n d e r t a k e  r e s e a r c h  in  
t h e  r a i n b a s i n  a r e a  in o r d e r  t o  i n c r e a s e  our  knowl edge of  
t h e  ge ne s i s  and e v o l u t i o n  of  t h i s  r e g i o n .
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